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PREFACE. 


In  the  preparation  of  the  following  work  I  have  very  largely 
profited  by  the  valuable  labours  of  my  predecessors,  Major  Stoney 
and  Captain  Jones,  Royal  Artillery,  whose  "  Text  Book  of  Eifled 
Ordnance  "  constitutes  the  backbone  as  it  were  of  this  Treatise, 
some  chapters  being  taken  in  great  part  from  the  Text  Book. 

I  have,  however,  found  it  necessary  to  introduce  a  great  deal  of 
new  matter,  to  leave  out  much  information  that  has  now  lost  its 
interest,  and  to  make  an  entirely  new  arrangement  of  the  contents. 

The  question  of  the  materials  used  for  manufacture  and  the 
theoretical  considerations  of  construction  are  rather  more  fully 
entered  into,*  while  a  separate  chapter  has  been  devoted  to  the 
question  of  sights  and  fittings  for  RM.L.  guns,  which  have  so 
increased  of  late  years  in  number,  that  further  explanation  was 
required  of  details  which  necessarily  become  more  complicated  as 
our  ordnance  increase  in  size  and  accuracy  of  shooting. 

The  various  natures  of  sights  used  in  the  service  are  given  in  a 
tabular  form,  which  I  hope  will  be  found  of  much  convenience  in 
Boyal  Artillery  District  Offices,  by  Firemasters  and  Inspectors  of 
Warlike  Stores,  and  generally  by  all  officers  having  charge  of 
ordnance. 

Tables  showing  the  comparative  value  of  field  guns,  &c.  at  various 
typical  epochs  are  also  added ;  these  may  serve  as  landmarks  to 
show  how  great  our  progress  has  been  of  late  jeais,  and  how  we 
are  still  going  forward  in  search  of  perfection. 

An  the  necessary  information  regarding  S.B.  ordnancef  has  also 


•  A  mere  oatUne  of  tiieorj,  howctTor,  i»  giTen.  Officers  wiBhing  to  studj  that 
part  of  the  subject  of  gun  construction  maj  well  refisr  to  such  works  as  MaUett's 
"  Oonstruction  of  Artillery/'  Holley's  *'  Ordnance,  and  Armour,*'  the  works  of 
Ifijor  (now  OoL)  Sir  W.  Palliser,  and  others  of  more  recent  date. 

t  Epitomised  from  Notes  on  8.B.  Ordnance,  1874,  which  were  prepared  bj  mo 
from  former  Notes  by  Captain  Molony  (late  B.A)  and  Major  Stoney,  B.A. 


been  embodied  in  this  Treatise,  so  that  an  artillery  officer  need 
only  have  a  single  book  to  refer  to  for  information  regarding  any 
gun  whatever  with  which  he  may  have  to  do. 

Lastly,  in  order  to  keep  pace  in  some  degree  with  that  increase 
in  knowledge,  and  interest  in  the  study,  of  artillery  which  each 
year  developes  itself  still  more,  a  chapter  has  been  added  at  the 
end  of  the  Treatise  which  will  enable  any  officer  to  work  out 
for  himself  ordinary  questions  regarding  the  power  of  our  own  and 
foreign  ordnance.  In  this  chapter  advantage  has  been  taken  of 
the  valuable  additions  to  artillery  science  rendered  by  Captain 
A.  Noble,  F.RS.,  (late  RA-,)  Professor  Abel,  F.RS.,  and  Professor 
Bashforth,  B.D.,  from  whose  works  the  tables  given  at  pp.  36&-9, 
have  been  taken.  With  regard  to  the  formulae  and  math^naticaL 
terminology  here  and  elsewhere  in  the  book,  I  am  much  indebted 
to  my  friend  Mr.  Greenhill,  Professor  of  Mathematics  to  the 
Advanced  Class  of  artillery  officers,  who  has  ^dly  corrected 
the  same  where  necessary. 

I  cannot  close  this  short  preface  without  expressing  the  obligar 
tion  I  am  \mder  to  my  assistant  instructors,  Sergeant  Major  White, 
RA.,  and  Quarter  Master  Sergeant  Ashworth,  RA,  inthe  prepara- 
tion of  this  Treatise  for  the  press ;  to  Sergeant  Major  White  I  am 
in  particular  indebted  for  the  ability  with  which  he  haa  completed 
the  tables  of  sights,  &c.,  which  tables  I  am  confident  will  be  found 
a  very  useful  addition  to  the  book 

John  F.  Owen,  Captain  RA, 

Instruction  Booms,  R6.F.,  CapMn  Inttrueior,  Mq^oI  ChM 

April,  1877.  Factorisi. 


A  reprint  of  this  Treatise  being  necessary  we  have  brought  the 
work  up  to  date  as  far  as  possible.  So  rapid  has  been  the  progress 
of  new  and  experimental  pieces,  and  so  varied  and  successful  the 
attempts  at  increasing  the  power  of  existing  pieces  during  the 
short  period  which  has  elapsed  since  this  Treatise  was  commenced, 
in  1876,  that  it  has  been  necessary  to  introduce  much  new  matter. 
Owing  to  the  same  causes,  however,  it  haa  been  possible  to  leave 
out,  or  reduce  in  bulk  a  great  deal  which  appeared  in  the  first 
edition  both  in  the  form  of  letterpress  and  tables. 
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We  trust  therefore  that  instead  of  increasing  the  size  and  cost  of 
the  book,  we  have  succeeded  in  somewhat  reducing  both,  without 
decreasing  its  utility  as  a  Treatise  for  Instruction  and  a  work  of 
reference  for  Artillery  and  other  Officers. 

John  F.  Owen,  Major  RA., 

AMsittant  Superintendent,  Rojfol 
Oun  Factories, 

Morton  Porter,  Captain  RA., 

Captain  Instructor  Soyal  Onn 
Royal  Gun  Factories^  Oetoberf  1878.  Factories, 
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CHAPTER  I.  — 


METALS  USED  IN  GUN  MANUFACTURE. 


Late   adTuiOM   in   meUUiugy. — Physloal   prop«rti«i   of  matals   gpnereJlj.*^ 
Ma]]eabilitj.>-Brili]miMt.-— Da€tiUtj.--Soft^  tteeL— Hard      steeL-^ 

ToogfaneM. — ^Tenacity. — ^Tensile  itMngtli. — WauAkatj. — ^Elastic  limit.-— Modes  of 
xneaauxing  tauadtj  and  elaslicity. — Matola  used  for  oonatruetion  of  oidnanoe. 
-^Bronaa. — Its  ad?antages  and  difladyantaget. — ^lin  spot*. — ^Bronxa  no  longer 
^laed  for  gun  eonftraction  in  onr  serrioe,  but  atiU  employed  bj  some  foreign 
natkmf. — Attempts  to  improre  bronxe* — ^Phosphor  brcmie. — Italian  experi- 
ments.— Buasian  experiments. — ^Udiatins  bronie  steeL — ^Austrian  experiments. — 
Iron. — Different  forme  of  cast  iron. — ^Wrought  iron  and  steeL — Imparities 
in  cast  iron. — DistinetiTe  qnalities. — ^Adyantages  and  disadyantages. — Suitable 
for  S.B.  guns. — ^Its  employment  by  foreign  nations. — ^Wrought  iron. — How 
obtained. — ^Fibrous  structure. — Impurities. — ^Physical  properties. — ^Welding. — 
Malleability. — ^Ductility. — Tenacity. — Blastio  limit — Summary  of  properties. — 
Why  used  for  the  exterior  of  our  guns. — ^Test  applied  to  wiought-ixon  for  guns.:— 
Otael. — ^DeAnition.--Chemical  and  strootural  diifinence  between  steel  and  wrought 
iron. — ^Puddled  or  cement  steel. — Cast  steel. — Crucible  steel. — Siemens  steeL— 
Siemens-Martin  steeL — ^Bessemer  steel. — ^Flaws  in  wrought  iron. — Steel  free  from 
flaws. — ^Uncertainty  of  steel. — ^Bemedies  tried  to  orercome  it. — ^leste  applied  to 
steel  ibr  gun  purposes. — Somnuuy  as  to  the  gun  metals. 


PuioR  to  discussing  the  theoretical  and  practical  considerations  which  Neoeesity  for 
govern  the  construction  of  ordnance,  and  before  describing  the  pro-  understanding 
cesses  of  actual  manuf acture,  it  is  necessary  to  know  what  metals  are  ^®  physical 
employed  in  such  manufacture,  and  what  are  the  properties  they  P~PJ''i«»o^ 
possess  which  make  them  suitable  for  the  purposes  required.    With  °^^^ 
regard  to  these  properties,  we  must  have  a  clear  and  definite  know- 
ledge of   their  comparative  values,  of   the   methods   employed   to 
measure  the  limits  of  these  values,  and  of  the  manner  in  which  they 
may  best  be  utilised  for  gun  construction. 

Metallurgy  has  of  late  made  such  wonderful  advances,  that  in  no  Kanid  st  'de 
branch  of  scientific  knowledge  has  progress  been  more  rapid  than  in  in  metallurgy 
the  art  of  obtaining  metals  from  their  ores  and  of  working  them  sub-  iciecentyears. 
sequently.     It  is,  however,  the  physical  treatment  of  metals  after 
separation  from  these  ores  which  more  especially  concerns  us,  and  in 
this  we  find  that  the  greatest  advances  have  been  made.    It  would  be 
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MATERIALS  FOR  ORDNANCE. 


out  of  place  here  to  enter  upon  this  interesting  subject  in  detail. 
OflScers  wishing  to  obtain  full  information  concerning  it  may  study 
with  advantage  the  works  mentioned  below,*  as  well  as  many  other 
valuable  treatises  recently  published. 

Here,  however,  we  need  only  discuss  briefly  the  qualities  of  the 
metals  which  are  emploved  for  the  manufacture  of  guns,  and  allude  in 
a  few  words  to  the  methods  of  production  by  which  such  qualities  are 
largely  modified. 


Phtsical  Properties  of  Metals. 


Qualities  of 
the  metftls 
employed. 

Malleability. 

Brittleness. 

Ductility. 

Softness. 


Only. 
comparatiTe. 


Soft  or  low 

■teel. 

Hard  or  high 

steeL 


Toughness. 

Dr.  Young's 
defluition. 


Elasticity. 


Blastic  limit. 


The  qualities  with  which  we  are  more  particularly  concerned  are  the 
phy.^ical  properties  of  malleability,  ductility,  hardness  orj  softness, 
toughness,  elasticity,  and  tensile  strength,  while  we  must  also  under- 
stand what  is  meant  by  tenacity  and  elastic  limit  as  applied  to  metals. 

Malledbility  is  the  property  of  being  permanently  extended  in  all 
directions  without  rupture  by  pressure  (as  in  rolling)  or  by  impact  (as 
in  hammering).  It  is  opposed  to  hntileneaa^  which  is  the  tendency  to 
break  more  or  less  readily  under  compression  either  gradual  or  sudden. 

Ductility  is  the  property  of  permanently  extending,  or  drawing  out, 
by  traction,  as  in  wire  drawing. 

A  metal  is  said  to  be  soft  when  it  yields  easily  to  compression  without 
breakings  and  does  not  return  to  its  original  form  on  the  removal  of 
the  compressing  stress. 

These  terms  are,  of  course,  only  comparative ;  thus  we  have  hard 
leads  and  soft  leads,  while  any  sort  of  lead  wlmtever  is  soft  as  com- 
pared with  wrought  ircm,  whidi  latter  again  is  called  soft  wh^i  we 
compare  it  with  cast  iron. 

Steel  is  called  soft  or  low  when  the  proportion  of  carbon  contained 
in  it  is  small,  and  hard  or  high  when  the  contrary  is  the  case,  because 
when  treated  in  a  simila,^  manner  one  variety  is  much  harder  than  the 
other.  It  should,  however,  be  remembered  that  a  tolerably  soft  steel 
may  be  made  very  hard  by  tempering. 

It  is  easy  to  understand  what  toughness  means,  but  not  so  easy  to 
define  exactly  what  it  is.  Dr.  Young  (Nat.  Phil.,  i.  142)  gives  the 
following  explanation  of  the  term  as  applied  to  steeL  ^^  Steel,  whether 
perfectly  hard  or  of  the  softest  temper,  resists  flexure  with  equal  force 
when  the  deviations  from  the  natural  state  are  small,  but  at  a  certam 
point  the  steel,  if  soft,  begins  to  undergo  an  alteration  of  form,  at 
another  point  k  breaks  if  much  hardened,  but  when  the  hardnesses 
moderate  it  is  capable  of  a  much  greater  curvature  without  permanent 
alteration  or  fracture,  and  this  quality,  which  is  valuable  for  the  pur- 
poses of  springs  "  (and  also  for  gun  barrels),  '^  is  called  toughness,  and 
is  opposed  to  r^dity  an<}  brittleness  on  the  one  side,  and  to  ductility 
on  the  other." 

Elasticity  is  the  property  possessed  by  a  metal  of  resisting  perma- 
nent deformation  when  subjectod  to  a  stress,  and  is  measured  by  the 
ratio  of  stress  to  strain,  so  that  the  modulus  of  elasticity  is  iequal  to 
the  cotangent  of  th^  angle  HOJ  (in  fig  p.  3). 

The  '*  elastic  Umit'^1[  of  a  metal  is  the  tension  which  causes  permanent 
elongation,  and  in  the  fig.  is  represented  by  the  ordinate  OJ. 


'•  Hetellunrjr,  by  John  Pen^,  M  J).,  J* JK  J3.  Metals,  their  Properties  and  Trcc^i- 
menti  by  Professor  Bloxam. 

t  Often  termed  "limit  of  elasticity/*  and  yei7  frequcnlly  confounded  Trith 
<<  elasticity  "itself. 
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Tenacity*  is  Ihe  tension  required  to  produoe  rapture,  and  is  repre-  Tenacity, 
sented  above  by  the  ordinate  OD. 

Tensile  strength  we  shall  employ  to  denote  the  work  done  npon  the 
metal  to  produce  rupture  by  traction.  It  would  be  measured  in  tiie 
fig.  by  the  area  AOB. 

In  order  to  understand  these  several  terms  more  6learly,  let  us  take 
the  fig.  below,  in  which  the  ordinates  represent  the  tensions  and  the 
abscissa  the  extensions  of  a*  bar  of  inetal  (experimentally  determined) 
corresponding  to  the  t6usioQ8.f 


Tensile 
fltrengtii. 

Further  ex- 
planation of 
terms  used. 


EXTENSiONS . 


If  the  bar  be  subject  to  a  constantly  increasmg  tension  the  extension 
is  at  first  in  a  constant  ratio  to  the  tension,^  increasing  after  a  certain 
point  in  a  Tarying  ratio:  This  point,  represented  in  the  diagram  by 
the  extension  HJ  and  measured  by  the  tension  represented  by  tte 
ordinate  OJ,  is  termed  the  elastic  liinit.§ 

After  this  point  is  reached  the  ^ctenaions  increase  in  a  higher  ratio 
for  every  increment  of  tension,  and  the  Ime  joining  the  ordmates 
becomes  a  curved  line,  as  shown  by  HB  in  the  figure.  As  we  continue 
to  increase  the  tension  We  arrive  at  a  point  when  the  bar  will  fracture. 
Suppose  ihe  total  extension  of  the  bar  at  that  point  to  be  represented 
by  BD,  and  the  breaking  tension  by  the  Ordinate  AB,  which  is  the 
measure  of  the  tenacity  or  limit  of  fracture,  we  have  then,  as  will  be 
seen  by  the  figure,  three  extensions  of  the  bar,  the  .total,  elastic,  and 
permanent,  the  former  being  iu  ail  cases  the  sum  of  the  two  latter ; 
while,  until  the  elastic  limit  is  reached,  the  total  extension  is 
synonymous  with  the  elastic  extension. 


Effects  of 
increasing 
stxesB  on  a 
bar. 


Mearareof 
the  limits  of  * 
fracture. 

Total,  elastic, 
and  per- 
manent exten* 
sion.. 


*  Or  "limit  of  firactnre,"  or ''breaking  tension."  This  term  is  sometimes  employed 
to  express  tensile  strength. 

t  It  should  be  remembered  that  work  doiie->foroe  x  distance  through  whioh  the 
force  acts,  and  also  that  a  stndn  is  the  effect  of  a  stress. 

In  the  figures  given  the  elasticity  of  ihe  metal— .^B"-Cot.  angle  HOJ. 

t  This  extension  increases  very  slightly  in  proportion  of  the  duration  of  the  tension* 
§  This,  howerer,  according  to  Ma&et,  p.  57,  will  not  always  be  the  case  if  we  re- 
impose  the  weight  for  any  time.     With  wrou^t  iron,  for  instance,  should  the 
tension  exceed  one-fourth  the  tenacity,  the  extension  will  slowly  inoreaae  with  time. 


(c.o.) 
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upon  a  bar  of 


How  tensile 
•farensth  and 
tenacity  are 
measured. 


Heaeoreof 
ebstieiij. 


The  absctsaa  of  the  cnive  (a  straight  line  as  far  as  E[)  OB  represent 
the  total  extensions,  and  the  absassa  of  the  straight  line  OG  the 
elastic  extensions  of  the  bar,  while  the  work  required  to  produce 
rupture  is  measured  by  the  area  AOB,  which  thus  measures  the  tensile 
strength* 

Similarly  the  work  necessary  to  produce  a  total  extension  EF  is 
measured  by  the  area  KOB. 

If  we  remove  the  tension  represented  by  OF,  after  the  bar  has  been 
extended  by  EF,  and  then  re-impose  it,  the  greatest  extension  of  the 
bar  caused  by  this  re-imposition  of  the  tension  will  not  exceed  FO  ;* 
because  it  has  been  permanently  extended  by  the  amount  OE,  and  if 
we  once  more  remove  the  tension  the  bar  will  revert  to  its  former 
length,  i.e.,  its  original  length  +  the  permanent  extension  EO : 

Here,  of  the  total  work  done  on  the  bar,  repres^ited  by  the  area  KOE, 
that  portion  corresponding  to  difference  of  areas  EHOK,  and  triangle 
OGM  has  been  absorbed  oy  it  and  applied  to  the  re-arrangement  of 
its  molecules,  and  so  to  the  permanent  extension  of  the  bar  by  the 
amount  EG,  being  the  measure  of  the  loss  sustained  in  the  tensile 
strength  of  the  bar.  Its  "tenadty^f  may,  however,  be  increased, 
and  we  see  that  its  elastic  limit  is  so,  for  any  ductile  metal  increases 
(within  certain  limits)  in  elastic  limit  and  ultimate  strength  (as  repre- 
sented by  the  tenadty),  though  not  in  absolute  or  tensile  strength  (as 
shown  by  total  work  required  to  produce  rupture)  when  subjected  to 
drawing,  hammering,  or  rolling,  in  fact,  a  material  strained  beyond 
its  elastic  limit  wm  exhibit  the  same  characteristics  as  an  ori^nally 
harder  metal. 

To  recapitulate,  then,  we  must  remember  that  mcrease  in  the  tenacity 
(or  breaking  tension)  and  limit  of  elasticity  do  not  necessarily  imply 
greater  working  strength  in  a  given  bar  of  metal.} 

We  do,  however,  gain  very  much,  as  we  all  know,  by  subjecting 
metals  to  the  operations  of  rolling,  hammering,  &c.,  for  we  obtain  a 
higher  limit  of  elasticity  and  tenacity  in  smaller  bulk  by  making  the 
mass  more  homogeneous. 

It  will  be  seen  that  the  tensile  strength  of  a  metal  is  by  no  means 
the  same  as  the  tenadty,  which  latter  is  often  erroneously  termed 
tensile  strength,  and  which  is  measured  here  by  the  weight  in  tons 
that  a  bar  of  a  square  inch  in  sectional  area  will  just  support  without 
breaking.  The  former  is  proportional  to  an  area  and  the  latter  to  a 
straight  line  in  the  figure  above. 

In  order  to  fracture  steel  of  gpreat  tenacity,  less  work  may  in  fact  be 
done  than  is  re(]^uired  to  fracture  a  similar  bar  of  soft  wrou^t  iron. 
Again,  the  elasticity  of  the  iron  may  equal  that  of  the  steel,  but  the 
limit  of  elasticity  mi^t  be  very  different  in  the  two  cases.  The  elas- 
ticity is  measured  by  the  cotangent  of  the  angle  GOD  in  the  figure, 
while  the  elastic  limit  is  represented  by  the  tension  measured  by  the 
line  OJ. 


Mrtals  en* 
liloyedin 
coDBtructin^ 
OfdnoDceb 


Mbtals  vised  fob  cokstruction  of  Obdnakob. 

The  metals  employed  in  constructing  ordnance  are  bronze,  cast  or 
wrought  iron,  and  steeL§ 

*  This  extension  increases  rery  slightly  in  proportion  of  the  duration  of  the  tension. 

t  By  some  termed  the  "  limit  of  oohesion/' 

X  The  total  work  ncoessary  to  break  a  bar,  depends  principally  upon  the  expan* 
don  at  the  limit  of  fracture  (vide  Fig.  p.  3),  and  the  tougher  the  gun  metal  the 
Mier  the  gun. 

§  As  explained  further  on,  the  three  latter  are  really  only  alloys  or  mixtures  of 
the  metal  iron  with  other  substances. 


ICATERIALS  FOR  ORDNANCaS.  5 

CHAP.  I. 

Bronze. 


Bronze  is  a  mixture  or  alloy  of  copper  and  tin.    That  particular  aort  Branie. 
of  bronze  formerly  used  for  our  guns  is  often  called  gun  metal,  and  its  oomposi- 
consists  of  about  90  parts  of  copper  and  10  of  tin.  tion. 

Bronze  is  a  tough  and  tenacious  metal,  but  when  cast  or  fotmded  Adyantaget. 
in  the  ordinary  way  it  is  comparatively  soft  and  is  easily  indented 
and  damaged  by  the  projectile.    When  heated,  as  for  instance  by 
rapid  firing,  this  metal  becomes  still  softer  and  so    more  readUy  Disadrvy 
damaged.  ta^. 

For  the  small  S.B.  guns  formerly  used  in  the  field,  bronze  answered  Suitable  for 
tolerably  well,  as  the  weight  of  shot  was  comparatively  small ;  but  ^'^^  fi?'"^ 
with  rifled  guns  using  much  heavier  charges  bronze  is  not  found  to  be  TXiuraited  for 
a  sufficiently  good  material.  rifle  gnni. 

Besides  the  faults  above  mentioned,  which  are  inherent  to  bronze 
cast  in  the  ordinary  way,  even  when  the  casting  is  sound  this  alloy  has 
the  i^crious  defect  of  never  being  quite  homogeneous.*  The  tin  has  a  1^  spots  aod 
much  lower  melting  point  than  copper  (442°  F.  as  compared  to  their  origin. 
1,800°  F.),  while  its  specific  gravity  is  also  very  different  (and 
although  definite  alloys  can  be  found,  they  are  not  represented  by  the 
above  proportion  nor  such  as  would  answer  for  gun  metals). 

AVhiie  cooling,  the  two  metals  forming  the  alloy  seem  to  separate 
more  or  less  from  one  another,  the  tin  liquating  or  sweating  out  in 
parts  and  causing  white  spots  or  blotches  called  ^^  tin  8pots,''t  which 
are  readily  acted  upon  by  the  powder  gas  and  eaten  away,  leaving 
fiaws  or  holes  in  the  bore  of  the  gun«  In  rifled  guns  this  defect  is 
much  more  serious  than  in  S.B.  pieces,  for  the  grooves  cut  in  the 
bore  lay  open  a  further  surface  and  expose  more  tin  spots,  while  the 
powder  gas  acts  with  greater  force  (on  account  of  the  larger  charges 
and  heavier  projectiles  used),  and  eats  away  the  spots  more  quickly. 

With  S.B.  bronze  guns  much  inconvenience  was  occasioned  by  the  Softneta  o£ 
softness  of  this  alloy,  especially  when  heated  by  rapid  firing,^  and  as  bronze, 
experience  was  gained  concerning  rifled  ordnance  in  the  field,  it  was 
found  that  the  defects  inherent  to  ordioary  bronze  were,  as  mentioned 
above,  still  more  serious  in  such  pieces.  Their  accuracy  was  affected 
by  much  firing,  and  the  greater  pressure  in  the  powder  chamber  quickly 
developed  flaws  by  burning  out  the  tin  spots.  The  cutting  of  the 
grooves  also  laid  bare  many  of  these  spots,  which  othei'wise  would  not 
have  been  apparent. 

To  reap  the  full  advantages  of  rifling,  it  became  evident  that  some  Bron«e  no 

better  material  than  bronze  would  have  to  be  employed  in  the  oon-  ^^S^  ^^8®** 

*    '*  bjiuasagon 

materiaL 

*  These  defects  existed  rery  largely  in  the  S.B.  bronze  guns,  for  guns  cast  at 
Tarious  dates  as  far  back  as  1790haTe  been  cut  open,  and  tin  spots  are  found  to  a 


greater  or  less  degree  in  all  of  them, 
t  "TinBpots,*^BO< 


spots,  BO  called,  being  patches  or  reins  of  irhite  aUoj,  rich  in  tin,  always 
found  ill  ordinary  bronze.  Such  patches  are  burnt  away  with  a  oomparatiyely  small 
amount  of  heat ;  they  are  harder  than  bronze. 

{  In  his  "  Employment  of  Artilleir,'*  Sir  John  May  tells  us  that  in  the  first  sieoe 
of  Bodajoz  by  our  forces  in  1811,  we  had  to  borrow  from  the  Portuguese  a  siege  tram 
of  bronze  ordnance.  The  rapid  firing  of  these  pieces  soon  disabled  18  out  of  40  guns, 
and  the  siege  was  consequently  nused.  Shortly  afterwards,  in  1812,  we  again 
attacked  that  fortress,  but  with  an  English  siege  train  of  iron  ordnance,  when  it  soon 
fcU  into  our  hands. 
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Attempts  at 
oonTortizig 
S.B.  bronse 
into  rifled 
guns. 

ImproTementB 
attempted  in 
bronze  hj 
mixture  of 
foreign 
substanoefl. 


Phosphor 
bronze. 


French 
experiment 
urith  above. 


Italian  ex- 
periments as 
to  the  same. 


Bussian 
experiments. 


Austrian 
experiments. 

Uchatins 
bronze  steel. 


struction  of  field  guns.  We  therefore  no  longer  construct  guns  of 
bronze,  and  the  only  ordnance  remaining  is  our  service  of  that  material, 
besides  a  number  of  old  S.B.  pieces  in  list  A.  p.  65,  are  a  few  7-pr. 
mountain  guns  which  were  made  in  1866-70. 

Most  nations  have  attempted  to  utilise  their  stock  of  old  S.B.  bronze 
guns  by  melting  up  the  material  and  re-making  from  it  rifled  guns.* 
In  1869  we  ourselves  made  some  8  cwt,  9-pr.  guns  of  bronze  (vide 
p.  78),  but  the  uncertain  nature  of  the  material  was  soon  shown  by  a 
number  of  them  becoming  unserviceable. 

Various  attempts  have  been  made  to  discover  a  modification  of 
bronze,  or  some  analogous  alloy,  suffidently  hard,  elastic,  aud  strong 
for  the  purpose  required,  but  as  yet,  unless  the  bronze  steel  mentioned 
below  be  a  success,  all  these  attempts  have  failed  to  satisfy  completely 
the  conditions  required. 

It  has  also  been  attempted  to  improve  its  quality  both  in  hardness 
and  homogeneity  by  altering  the  proportions  of  the  two  constituents, 
and  by  adding  small  portions  of  other  metals  or  non-metals  such  as 
manganese,  phosphorus. 

Phosphor  bronze  containing  small  quantities  of  phosphorus  has  been 
extensively  tried,  and  gives  a  metal  of  more  uniform  character  and 
also  stronger  than  bronze.f 

In  1872  an  exhaustive  trial  was  undertaken  at  Bourges  by  the 
French  Government  with  4-prs. ;  four  of  these  pieces  were  cast,  two 
being  of  ordinary  bronze  and  two  of  an  alloy  of  phosphor-bronze. 
The  superiority  of  the  latter  over  the  gtms  cast  from  ordinary  bronze 
was  so  slight,  that  the  committee  carrying  on  the  experiments  con- 
cluded that  any  advantages  were  more  than  neutralized  by  the  neces- 
sity of  adding  the  phosfmorus  in  very  exact  proportions,  and  so  further 
complicating  the  manufacture  of  bronze  guns. 

Colonel  fiosset,  of  the  Italian  Artillery,  superintendent  of  the  arsenal 
at  Turin,  has  for  some  years  past  been  carrying  on  a  series  of  interest- 
ing trials,  with  regard  to  bronze  and  other  metals  in  the  arsenal  at 
Turin,  where  a  7'5c  gun  of  phosphor  bronze  was  tested  in  comparison 
with  others  of  ordinary  bronze.  This  gun  stood  the  trial  well,  and  the 
alloy  from  which  it  was  cast  Cm  an  iron  mould)  showed  a  tenacity  of 
about  25  tons  per  square  mch.  Notwithstanding  this,  however, 
Colonel  Rosset  concluded  that  it  was  not  advisable  to  employ  such  an 
alloy  in  gun  manufacture  on  account  of  the  unstable  character  of 
phosphorus,  and  the  great  difficulty  of  securing  unifonnity  of  result  in 
the  mixture  of  this  element  with  bronze. 

Eussia,  too,  has  been  making  much  advance  in  the  working  of 
bronze,  and  is  manufacturing  some  powerful  experimental  field  guns 
(Lavroff  guns) — shown  in  Table  VIII— of  this  alloy  treated  in  the 
same  way  as  described  with  regard  to  the  Austrian  "  Uchatius  *'  field 
pieces. 

In  Austria  great  attention  has  always  been  paid  to  bronze  and  analo- 
gous alloys,  and  General  Von  Uchatius,  the  director  of  the  gun  foundry 
at  Vienna,  has  for  years  studied  the  subject.  In  a  lecture  lately 
delivered  by  him,  he  tells  us  that  about  three  years  ago  his  attention 


^  *  The  present  French  field  guns  are  of  hronze,  pending  the  introduction  of  steel 
pieces,  now  being  rapidly  manufactured ;  as  are  also  the  new  Austrian  *field  guns, 
the  Italian  light  field  guns,  and  a  large  proportion  of  the  Bussian  field  pieces. 

t  This  alloy  is  now  oonsiderahly  used  for  bearingSi  sheaves  of  pullies,  &c.  It 
seems  doubtful,  however,  whether  this  mixture,  as  weU  as  the  so-called  manganese* 
bfODse,  kc.f  do  not  owe  most  of  their  |Ood  qualities  in  great  part  to  the  fact  of  being 
cast  in  chill  rather  than  to  their  chemical  constitution; 
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was  particularly  called  to  a  fragment  of  bronze,  cast  under  pressure,      CHAP.  T. 

which  the  Archduke  William  had  brought  from  Russia.    He  found  the         

properties  of  this  metal  so  far  superior  to  those  of  bronze  cast  in  the  ^^w  manu- 
ordmary  way,  that  he  was  led  to  researches  which  resulted  in  his  f^*'^^^' 
casting  bronze  in  an  iron  mould  or  chill  casting,  and  at  the  same  time 
chilling  the  interior  of  the  mass  by  means  of  a  core  of  solid  copper  or 
otherwise. 

This  bronze,  which  is  an  ordinary  alloy  containing  8  p.c.  of  tm,  can 
be  forged  cold  and  possesses  many  of  the  properties  of  steel,  and  has 
consequently  been  termed  h'ome  steel;  it  possesses,  however,  apparently 
the  advantage  over  steel  of  being  a  safer  material  when  employed 
alone. 

The  results  obtained  with  these  experimental  guns  bore  out  the  Result  of  ex- 
expectations  of  General  Von  Uchatius ;    and  the  new  Austrian  field  periments 
guns  with  which  the  active  army  is  now  completely  equipped  are  con--  ^^^  bronze 
structed  of  this  material.    Our  own  experience,  however,  of  the  un-  ^     '  -" 
certain  nature  of  bronze,*  so  far  as  we  know  of  that  alloy,  and  of  the 
delusive  effects  of  experiments  made  with  a  few  pieces,  make  us  pause 
before  we  can  accept  the  success,  so  far  obtained,  as  proof  sufficient, 
that  bronze  steel  is  in  all  respects  adapted  for  the  construction  of  field 
guns,  even  if  the  theoretical  principles  are  correct  upon  which  its  subse- 
quent treatment  is  based.t 

It  seams  unlikely,  indeed,  that  such  a  metal  as  bronze,  however 
improved,  can  long  hold  its  own  against  the  great  advances  certain  to 
take  place  in  steel  manufacture,  and  in  the  construction  on  sound  theo- 
retical principles  of  field  guns  from  that  material,  either  alone  or 
combined  with  wrought  iron. 

Iron. 

Although  there  exists  but  one  elementary  metal  which  can  properly  ^'^^• 
be  termed  iron,  yet  when  this  is  mixed  or  alloyed  with  comparatively 
small  quantities  of  other  elements,  we  have  in  these  alloys  or  mixtures  Three 
virtually  distinct  metals,  which  differ  from  one  another  in  their  external  varieties, 
characters  more  than  many  chemically  distinct  metals. 

These  different  varieties  of  iron  may  be  divided  into  groups  termed  Cast  iron, 
respectively  cast  iron,  wrought  iron  or  piled  metal,  steel  or  ingot  metal,  wrought  iron, 
Regarding  the  two  latter  we  shall  also  see  that,  according  to  the  latest 
nomenclature,  they  differ  from  each  other  more  in  the  mode  of  me- 
chanical treatment  they  undergo  during    their  production    than    in 
chemical  constitution. 

Iron  is  usually  obtained  from  its  ores  by  melting  these  in  large  blast  ?^^  "!?^ 
furnaces  with  coke  or  cosJ,  various  fluxes  being  added,  according  to  the  "bSi^d  from 


*  A  number  of  these  TTchatiuB  guns  are  rejected  in  manufactiire  owing  to  the 
presence  of  tin  spots,  while  we  hare  had  to  withdraw  our  rifled  bronze  guns,  although 
the  experimental  pieces  fired  at  Bhoebarjness  gave  us  most  exoelleut  results. 

t  In  triaU  made  prior  to  the  introduction  of  9-pr.  B.M.L.  brotoze  guna  into 
our  sexrice  in  1870  (vide  p.  73,  as  to  subsequent  failure  of  these  pieces),  some  ex* 
perimental  9-prs.  were  subjected  to  rery  severe  trials.  They  were  fired  at  the  rate 
of  50  rounds  in  7  minutes  for  rapidity ;  5  rounds  in  18  minutes  at  a  9-ft.  square 
target,  at  1,000  yards  off,  for  rapidity  and  accuracy,  giving  27  hits :  and  on  one 
occasion  140  rounds  were  fired  from  one  gun,  without  stopping,  at  the  rate  of  3  rounds 
per  minute,  the  metal  becoming  so  hot  as  to  boil  water  placed  in  the  bore.  In  aU 
cases  the  results  were  satis&otory,  and  one  of  the  guns  in  queetion  aotually  fired 
2,732  rounds  without  destenotive  ii^ury. 

15-em.  (6-inoh)  siege  guns  are  now  howerer  beiikg  made  in  Austria  of  this  metal, 
which  are  said  to  give  eaEeeUent  results,  while  the  Gtermans  ave  canying  out  exten* 
aie  experiments  with  the  samermakeadal  for  siege  guns. 


its  ores. 
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OHAF.I. 


Pigixos. 


nature  of  the  ore,  to  carry  off  the  earthy  matters;  the  metal  00 
obtained  is  nm  mto  sand  moulds  in  the  shape  of  the  well  known  rough 
looking  bars  technically  termed  ^*  pigs  ^  or  ^f  pig  iron." 

The  metal  in  this  state,  as  run  from  the  blast  furnace,  is  termed 
'^cast  iron,"  and  contains  many  foreign  elements,  principally  carbon 
and  silicon,  the  former  being  mostly  derived  from  the  fuel  with  which 
the  ore  was  smelted.  Besides  these  impurities,  small  quantities  of 
sulphur,  phosphorus,  and  manganese  are  commonly  found  in  cast  iron 
when  first  run  out. 


Cast  Iron. 


Cast  iron. 

Effects  of 
silicon,  Bul* 
phur,  and 
pbosphoms. 


Fey  oentogeof 
carbon. 


Various 
qualities  of 
cast  iron. 


Cast  iron 
easily  fused. 

Brittle. 


Cheap  and 
easily  mann* 
Pictured. 

Hard. 

Unoertainfy. 

Liable  to  fly 
to  pieces. 

Tenacity. 


Suitable  for 
8  J3.  ordnance. 

Unsuited  for 
rifled  guns. 


By  reGning,  &c  a  portion  of  the  carbon  and  other  impurities  may  be 
removed,  but  so  long  as  the  proportion  of  carbon*  is  not  less  than  2°/ 
the  metal  will  possess  the  chacteristic  properties  of  cast  iron  mentioned 
below.  The  presence  of  silicon,  sulpnur,  and  phosphorus  modify  the 
strength,  brittleness,  &c.  of  cast  iron  very  much,  that  of  sulphur  in 
particular  increasing  its  tenacity,  which  is  always,  however,  compara* 
tively  low. 

We  may  say  that  cast  iron  contuns  from  2°/^  to  6**/^  by  weight  of 
carbon,  which  exists  in  two  states,  either  chemically  combined  with 
the  iron  or  mechanically  mixed  with  it. 

In  the  trade  cast  iron  is  distinguished  by  numbers,  from  one  to  eight, 
the  lower  numbers  being  given  to  those  descriptions  in  which  the 
surface  when  broken  presents  a  "  grey"  or  '^  mottled  "  appearance,  and 
in  which  the  larger  part  of  the  carbon  is  in  the  state  of  graphite,  that 
is,  uncombined  with  the  iron.  The  higher  numbers  represent "  white  " 
or  *'  bright "  iron,  and  in  these  the  carbon  is  almost  entirely  in  Uie 
combined  state. 

Cast  iron  is  easily  fuzed,f  and  can  be  readily  cast  into  a  homogeneous 
mass  of  any  size  or  shape  we  choose,  but  it  is  brittle  and  cannot  be 
worked  under  the  hammer  either  hot  or  cold.  If,  indeed,  we  heat  a 
inass  of  cast  iron  to  a  red  heat  and  hammer  it,  it  will  crumble  to  pieces, 
a  fact  taken  advantage  of  in  the  breaking  up  of  our  obsolete  smooth 
bore  cast  iron  guns. 

Cast  iron  has  the  advantage  of  being  cheap  and  easily  worked,  by 
melting  and  castine,  and  also  by  cutting  tools,  &c.  It  is  also  compara- 
tively hard,  and  is  nomogeneous,  so  that  we  can  obtain  a  smooth  and 
uniform  surface.  It  is,  nowever,  a  brittle  and  uncertain  metal,  and 
although  its  elastic  limit  is  not  very  low,  it  elongates  but  little  between 
that  limit  and  the  limit  of  fracture,  and  when  strained  beyond  its 
stretching  power  it  is  therefore  apt  to  fly  to  pieces  without  warning,  a 
serious  defect  in  gun  manufacture. 

The  tenacity  of  cast  iron  is  low,  that  of  good  average  cast  iron  being 
about  the  same  as  that  of  ordinary  bronze  (gun  metal),  viz.,  12  to  14 
tons  (vide  Table,  p.  18). 

For  smooth  bore  guns,  where  th^  pressure  in  the  bore  was  compara- 
tively small,  cast  iron  was  a  good  material,  but  for  rifled  guns  it  is 
much  too  weak,  and  as  it  cannot  be  worked  under  the  hammer  we  are 
not  able  to  build  up  a  gun  in  different  pieces  from  this  metal,  but  must 
employ  it  in  the  shape  of  a  homogeneous  mass  (vide  p.  20) ;  it  is  there- 


*  This  limit,  like  others  of  a  similar  nature,  has  reference  only  to  Tarieties  of  iron 
nearly  free  from  other  hardening  elements  excmt  carbon ;  for  some  irons,  containing 
much  less  carbon  than  the  above,  but  a  sensible  portion  of  silicon  and  phosphorus^ 
are  directly  produced  from  the  blast  furnace,  and  must  be  classed  as  oast  iron. 

t  Tbe  melting  point  of  ordinaxy  cast  iron  being  about  1580  o. 
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CHAP.  I. 
fore  at  an  additional  disadvantage  as  a  material,  for  rifled  guns.    We         — — 

ourselves  employ  cast  iron  in  no  case  as  the  sole  material  for  such  guns,  Cast  iron  only 

though  for  the  sake  of  economy  we  utilise  as  second  class  guns,  old  ^^  ^  ^* 

smooth  bore  cast  iron  pieces,  strengthened  by  means  of  wrought  iron  c^nyerted*on 

barrels  (vide  p.  80),  which  latter  gives  us  a  sufficient  margin  of  safety,  the  Pallisor 

For  economical  reasons,  cast  iron  has  been  employed  for  rifled  guns  in  prindple. 

America  and    elsewhere,  but    has,  when   unstrengthened   by  other  lu  employ- 

materials,  always  failed  signally  when  subjected  to  a  heavy  strain  (vide  ment  in 

p.  17).    In  Sweden  and  Denmark,  where  exceptionally  good  cast  iron  is  America, 

produced,  field  guns  are  still  made  of  this  metal.    These  pieces  are  very  Sweden  and 

cheap,  but  the  velocity  obtained  from  them  is  low.    In  France  and  Italy  Denmark. 

heavy  rifled  guns  are  made  of  this  material  and  strengthened  with  steel,*  Fnmoe  and 

but  such  guns  would  appear,  though  economical,  to  be  unsafe.  Itolj* 


Wrought  Iron. 

If  we  remove  the  carbon  still  further  from  cast  iron,  so  that  the  Wrought  iron, 
amount  becomes  less  than  2**/^,  we  obtain  either  steel  or  wrought  iron^ 
according  to  the  amount  removed,  the  subsequent  treatment  of  the 
metal,  or  to  both  combined. 

Wrought  iron  approaches  to,  theoretically,  pure  iron,  and  according  to  Wronght 
the  old  nomenclature  is  iron  containing  from  0*1° /©  to  O'S^/^  of  carbon,  iron 
though  we  shall  find  that  certain  characteristic  steels  now  made  have  theoretically 
no  larger  proportion  of  this  element.  P"'®  ^^' 

Wrought  iron  is  obtained  by  removing  the  carbon  from  cast  iron  by  How  obtained* 
puddlingf  or  otherwise,  and  then  working  it  up  by  hammering  or  rolling  pmicQine 
into  a  useful  or  marketable  form,  whence  the  term  torought  or  piled  is  hammemig, 
applied  to  this  particular  nature  of  iron.  and  rolling.' 

If  the  cast  iron  is  very  impure,  some  of  the  impurities  will  be  retained  impurities, 
by  the  wronght  iron,  f^nd  will  affect  it  seriously  if  present  in  any  quan- 
tity, thus  a  small  proportion  of  phosphorus  (0'25*7o)  will  make  a  bar 
of  wrought  iron  "  cold  short "  or  brittle  when  cold,  while  a  little  sulphur  Cold  short- 
present,  makes  wrought  iron  "  red  short "  or  brittle  when  heated.     '       ^^^' 

While  this  more  or  less  pure  metal  obtained  from  cast  iron  by  K«d  shortness, 
removal  of  the  carbon,  through  puddling  or  otherwise,  is  worked  under 
the  hammer  or  rolls,  it  is  drawn  out,  and  so  given  a  fibrous  structure, 
the  fibres  running  lengthways  in  the  direction  in  which  it  is  drawn.  Fibrous 
The  fibre  runs  along  the  length,  in  fact,  as  the  fibre  runs  in  the  branch  structure, 
of  a  tree. 

This  structural  arrangement  of  the  material  can  be  readily  demon-  Shown  by 
strated  by  subjecting  a  piece  cut  off  a  bar  of  wrought  iron  to  the  action  of 
action  of  acid,  when  certain  portions  of  the  mass  are  eaten  away,  and  *^^^- 
the  fibres  stand  out  clearly,  presenting  the  appearance  of  a  bundle  of 
fine  wires.    This  fibrous  quality  of  bar  iron  renders  it  much  stronger  in 
one  direction  than  in  the  other,  for — ^just  as  in  the  case  of  wocii — ^it 
requires  about  twice  the  force  to  break  a  piece  of  wrought  iron  across 
its  fibre  that  it  does  to  tear  it  asunder  along  the  fibre.    In  the  latter 
case  the  fibres  need  only  be  separated,  not  broken,  and  the  cohesion 
which  binds  them  together  is  not  much  greater  than  that  of  the  crystals 
which  compose  good  cast  iron. 

Unfortunately  the  process  of  working  up  wrought  iron  into  a  proper  Difficulties  in 
condition  for  use  (vide  p.  102),  does  not  remove  ^1  the  foreign  matter,  remoying' 
impurities. 

*  A  lOO-ton  gun  is  now  being  made  in  Italy  of  cast  iron  strengthened  bj  super* 
imposed  steel  hoops. 
t  The  operation  of  puddling  if  deeeribed  at  p.  102. 
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CHAP.  I.      such  as  minute  portions  of  slag,  &c.,  which  haye  been  entangled  amongst 

the  particles  and  fibres,  so  that  owing  to  its  mode  of  treatment  a  mass 

^^^  .  of  wrought  iron  is  never  thoroughly  homogeneous,  and  if  laid  open 
homoeoneous  always  exhibits  flaws  of  some  description,  whence  it  is  difficult  to  obtain 
andi^j.      '    ^  uniform  and  smooth  surface  of  wrought  iron  perfectly  free  fnxn 

defects. 
Practically  Wrought  iron  may  be  said  to  be  practically  infusible  in  any  ordinary 

infusible  by  f umace,  but  it  has  file  property  of  welding  (which  cast  iron  has  not)  ;♦ 
ordinary  that  is,  if  two  clean  surfaces  of  wrought  iron,  heated  to  a  white  heat 

means.  (about  3,000°)  be  brought  into  contact  and  pressed  together,  either  by 

rolling  or  hammering,  they  will  unite  so  perfectly,  that  the  mass  when 
Yaluable  pro-  broken,  will  part  as  readily  at  any  other  place  as  at  the  poiut  of  union ; 
P®j^  of  this  is  a  most  valuable  property,  and  is  largely  taken  advantage  of  in 

welaing.  ^^  construction  of  our  service  ordnance. 

Malleability.  Wrought  iron  is  very  malleable  and  ductile,  and  is  also  of  great 
Ductility.  tensile  strength,  although  its  tenacity  is  much  below  that  of  most 

Tenacity.  natures  of  steel.    The  tenacity  is  about  25  tons  per  square  inch  for 

Tenailc"  good  average  wrought  iron, 

afrength.  The  elastic  limit  of  wrought  iron  is  not  very  high,  about  12  tons  per 

Elastic  limit,     square  inch ;  but  after  that  limit  is  exceeded  much  work  must  be  done 

in  permanently  stretching  this  very  ductile  metal  before  the  hmit  of 
fracture  is  reached,  giving  us  a  large  margin  of  safety. 
Principal  To  repeat  the  principal  physical  properties  of  wrought  iron  which 

properties  of     make  it  suitable  or  otherwise  as  a  material  for  ordnance, 
^'^"^"^ed  "^^         Wrought  iron  is  very  malleable  and  ductile,  with  a  low  elastic  limit 
^mm     up.      ^^^  ^  tenacity  of  about  25  tons  or  double  that  of  cast  iron.    Its  ductility, 
b  '^^di  "^'^  however,  necessitates  much  work  being  performed  in  stretching  tiie 
continued'        nietal  between  the  limits  of  elasticity  and  fracture, 
except  for  ^  o^r  service  ordnance  no  heavy  guns  are  now  made  with  wrought 

conyerted  iron  barrels,  as  this  material  is  too  soft,  and  very  liable  to  flaws.    Most 

guns.  of  our  rifled  B.L.  guns  are,  however,  entire  built  up  of  wrought  iron, 

and  also  the  earlier  natures  of  of  M.L.  guns.  We  still  use  this  material 
for  the  inner  barrel  of  o»ir  converted  cast  iron  guns,  in  order  to  give 
sufficient  safety  to  those  pieces,  which  in  the  outer  casing  have  so 
brittle  a  material  as  cast  iron. 
Why  used  for  ^^^  *^^  exterior  portions  of  our  B.M.L.  ordnance  we  always  employ 
the  outer  coil,   wrought  iron,  whicn  is  not  only  dieap,  easily  worked  and  wielded,  but 

from  its  ductility  gives,  as  before  mentioned,  a  large  margin  of  safety. 


Testing  Wrought  Iron  in  E,O.F, 

4 

Testing  of  In  the  Royal  Gun  Factories,  the  quality  of  the  iron  used  for  bars  is 

•wrougbt  iron     tested  previous  to  using  it  for  the  manufacture  of  guns,  tiie  amount  of 
for  guns.  drawing  out  or  extension  of  the  specimens  previous  to  rupture  being 

taken  into  consideration,  as  well  as  the  weight  which  the  metal  .will 
Appearance  of  ^^®*^  without  breaking,  and  the  appearance  of  the  broken  surface.  In 
fracture.  good  tough  wrought  iron,  the  fracture  presents  an  irregular  silkf  appear- 

ance, light  grey  in  colour,  and  shows  distinctiy  the  fibrous  structure 
and  the  extension  of  the  fibres ;  should  the  surface  be  largely  crystal- 
line, and  the  specimen  have  broken  off  short  without  drawing  out,  it 
shows  that  the  wrought  iron  is  deficient  in  fibre,  and  consequently  not  well 
suited  to  resist  the  continued  stresses  to  which  it  would  be  subjected  in 
a  heavy  gun. 


*  And  steel  in  a  yery  inferior  degree. 
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The  "  steely"  property  of  the  wrought  iron,  that  is,  the  axnotmt  of      CHAP,  L 

carbon  it  oontains,  is  ascertained  by  an  empirical  test.    The  specimen  is         

raised  to  a  red  heat  and  cooled  suddenly  in  water ;  the  effect  of  this  ^e^^hod  of 

treatment  is  to  increase  the  tenacity,  but  the  appearance  of  the  fracture  ♦h^'te^^ 

(even  in  good  fibrous  iron)  often  becomes  crystalline  or  granular  instead  property^ 

of  fibrous,  and  the  wrought  iron  has  moreover  lost  to  a  great  degree  wrought  iron* 

its  property  of  extensibility,  so  that  it  breaks  off  short.    If  the  increase 

in  the  tenacity  when  hardened  is  excessive  (more  than  2  tons  per 

square  inch)  and  the  appearance  of  the  fracture  is  such  as  to  indicate 

the  presence  of  a  considerable  amount  of  carbon,  the  iron  is  rejected, 

for  the  iron  required  for  gun  building  must  not  only  be  tenacious,  but 

should  also  possess  in  a  marked  degree,  the  properties  of  extensibility 

and  toughness  under  sudden  pressures,  so  that  snould  the  gun  be  at  any 

time  strained  beyond  its  powers  of  endurance,  it  may  fail  gradually  and 

not  suddenly,  without  giving  any  indication  to  the  gun  detachment  of 

its  approaching  rupture. 

SteeL 

To  give  a  short  definition  of  steel  is  a  difScult  task. 

Until  lately  steel  has  been  usually  defined  to  be  iron  containing  a  Definition  of 
small  amount  of  carbon,  an  amount  less  than  that  present  in  cast  iron,  »teel  accor- 
but  greater  than  the  maximum  quantity  to  be  found  in  characteristfc  ^°6  ^ 
wrought  iron,  «,c.,  iron  containing  between  0*3  per  cent,  and  2-0  per  ^n^f*L 
cent,  of  carbon  was  termed  "  steel." 

This  proportion  of  carbon  is  however  only  approximate,  and  Dr.  Percy 
gives  from  0'5  to  0*65  per  cent,  of  carbon  as  the  limit  at  which,  when 
free  from  other  foreign  matter,  iron  may  be  considered  as  passing  into 
steel,  so  that  when  hardened  by  quenching  in  water  it  will  strike  fire 
readily  with  flint.    According  to  this  definition  whai  carbon  is  present 
"  in  certain  proportions,  the  limits  of  which  cannot  be  exactly  prescribed,  Percentage  of 
we  have  the  various  kinds  of  steel,  which  are  highly  elastic,  malleable,  t^'bon  in 
ductile,  forgable,  weldable,  capable  of  receiving  very  different  degrees  **^^' 
of  hardness  by  tempering,  and  fusible  in  furnaces." 

Owing,  however,  to  the  gradual  development  of  new  modes  of  manu- 
facture, and  to  the  enormous  increase  in  recent  years  in  the  production 
of  cast  steel  of  all  kinds,  the  arbitrary  definition  of  steel  above  given, 
leads  to  much  confusion  and  serious  mistakes,*  and  though  it  may  be 
called  a  mere  question  of  words,  the  above  definition  has  no  doubt 
exercised  a  deleterious  effect  upon  the  introduction  of  steel,  in  place  of 
worked  or  wrought  iron,  for  many  purposes  for  which  it  is  well  suited. 

A  simpler  definition  of  steel  seems  likely  to  be  adopted,  a  definition  Definition  of 
which  possesses  the  advantages  of  precision,  and  is  in  harmony  with  the  ateel  accord- 
current  modes  of  manufacture.    According  to  this,  steel  is  an  alloy  of  ^^  *'* 
iron,  C€tst  while  in  a  fluid  state  into  a  malleable  ingot,  S?'     i^"" 

It  is  held,  according  to  this  nomenclature,  that  steel  and  wrought  mo^e  ^f 
iron  cannot  be  always  distinguished  by  chemical  analysis  (for  the  same  manufacture, 
proportions  of  carbon,  manganese,  silicon,  &c.  may  exist  in  any  malle- 
able alloy  of  iron),  and  that  the  fundamental  and  essential  difference 
between  steel  and  compounds  of  iron,  merely  worked  or  wrought,  is  a 
structural  difference  easily  determined. 

All  malleable  products  of  iron  industry,  that  is  to  say,  all  varieties  of  Stnictural 
iron,  except  cast  iron,  may  be  divided  into  piled  metal  (wrought  iron)  ^^'©oo® 

"• ~ — — _- — . j^jjjj  wrought 

*  Thus,  if  steel  be  defined  as  an  aUoy,  "  containing  carbon  enough  to  harden  it,  ^"'    ,    . 

when  it  is  heated  and  plunged  into  water,  then  puddled  iron,  though  laminated  and  .w^^gutiron 

heterogeneous  in  structure,  may  be  steel,  and  the  finest  prodaot  of  the  cruoible,  "*  P"®^  metal, 
though  orjstalliaed  and  homogeneous  in  strueturej  may  not  be  steel." 
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Steel  18  ingot 
metal. 

I>iflrerence3  in 
mode  of  treat- 
ment, &e. 


Parallel  series 
of  steels  and 
irons. 


Puddled  or 
cement  steel. 


Oast  steel 
used  by  us. 

Definition  of 
such  steel. 


and  ingot  metal  (steel) ;  the  former  embracing  all  malleable  iron  or 
alloys  of  iron  produced  without  fusion  of  the  metals  while  in  a  malle- 
able state,  and  the  latter  applying  to  aU  irons,  however  produced,  which 
are  cast  into  a  malleable  ingot. 

^*  These  two  classes  differ  more  widely  in  mode  of  manufacture, 
appearance,  and  in  many  important  properties  than  the  varieties  of  each 
class  among  themselves,  and  form  two  parallel  and  continuous  series, 
the  corresponding  members  of  which  are  chemically  identical,  differing 
only  in  mode  of  production,  and  in  mechanical  structure,  and  rising  in 
each  series  from  the  purest  and  softest  iron,  to  the  hardest  and  most 
highly  carburetted  varieties."* 

"M.  Adolph  Orenier  of  Seraing,  adopting  this  definition  of  steel, 
classifies  the  two  parallel  series  of  products,  tne  irons  and  the  steels,  as 
follows : — 

Percentage  of  Carbon. 
0-16  to  0-45      I      0-45  to  0-55 

Series  of  the  Irons, 

Ordinary  irons.  |  Granular  irons.   I   Steely  irons  or 

I  puddled  steels.t 


0-  to  0-15 


0-55  to  1-50 
or  more. 


Cemented  steels. 
Styrian  steel. 


Series  of  ike  Steels. 
Extrasoftsteels.  |     Soft  Steels.      |  Half  soft  steels.  |     Hard  steels. 

The  production  of  the  more  highly  carburetted  varieties  of  the  iron 
group,  such  as  puddled  steel  or  cement  steel,  except  with  the  view  to 
casting  the  metal  subsequentlyf  is  now  carried  on  upon  a  comparatively 
limited  scale,  while  that  of  the  steels  proper,  or  cast  steel,  is  increasing 
enormously  each  year. 

For  the  construction  of  ordnance  we  may  say  that  cast  steel  is  at 
present,  and  will  in  the  future  be  as  a  rule  employed,  so  we  may  safely 
take  the  new  definition  of  steel,  and  look  upon  this  metal  as  a  inelted 
malleable  alloy  of  iron^  produced  in  any  way  whatever^  and  containing  a 
smaller  proportion  of  carbon  or  other  hardening  element  than  is  contained  in 
cast  iron. 

Though  the  mode  of  production  of  wrought  iron  is  not  given  in  this 
chapter,  but  in  Chapter  V.,  under  the  head  of  "  Manufacturing  Opera- 


*■  Journal  of  the  Iron  and  Steel  Institute,  1873,  p.  499. 

t  This  cLissification,  placing  all  yarieties  of  "  puadled  steel "  in  the  group  of  irons 
containing  between  0*45  and  0*55  of  carbon,  is  not  correct,  as  many  specimens  of 
puddled  iron  contain  a  much  higher  percentage.    Thus  Percj  ("  Iron  and  Steel," 

E.  799)  gives  the  following  analysis,  by  W.  Brauns,  of  puddled  steel  from  KOnigs* 
fitton , — 

Carbon,  combined      •  •         • . .         1'880 

Carbon,  graphitic trace 

Silicon •         •  •    '     . .         •  •         0*006 

Sulphur  ••         •.         ••         ,.         ,.         ..  — 

Phosphorus    ••         ..         ••         ..         ..         ..         trace 

Manganese      ..         ..         ••         ..         ..         ..         0*012 

X  The  manufacture  of  such  steels  is  generaUy  speaking  carried  on  to  a  further 
stage,  so  that  tbey  become  steel  according  to  our  definition,  for  they  are  Tory  often 
subsequently  cast.  Thus  the  steel  used  by  us  for  the  barrels  of  Woolwich  guns  is 
obtained  from  bars  of  good  wrought  iron,  which  are  converted  by  cementation  into 
steel.  These  bars  are  afterwards  broken  up,  and  the  pieces  whose  fracture  indicate  a 
mild  nature  are  melted  in  crucibles,  the  contents  of  which  are  poured  into  a  metal 
mould  of  a  size  sufficient  to  give  the  required  ingot. 
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tions,**  it  is  necessary  here  to  explain  generally  the  processes  of  steel*      CHAP.  I. 

making,  as  the  steel  forgings  for  our  gon  barrels  are  not  manufactured         

in  the  Aisenal. 

Steel  mSkj  be  produced  in  a  variety  of  ways,  by  more  or  less  decar-  ManufhctuTo 
buretting  cast  iron  under  sach  conditions  as  to  obtain  a  melted  product.  ^^  *^^1- 

By  dissolving  wrought  iron  or  steel  scrap  or  spongy  reduced  iron  in 
melted  cast  iron. 

By  the  direct  melting  of  puddled  iron  or  other  variety  of  iron  of  the 
requisite  degree  of  harness  (the  hardness  referring  to  the  amount  of 
carbon  in  the  iron). 

By  melting  a  mixture  of  soft  wrought  iron  or  iron  sponge  with  carbon 
or  with  cast  iron,  or  of  malleable  iron,  which  is  too  hard  for  the  variety 
of  steel  required,  with  oxidising  agents,  or  by  directly  melting  together 
a  mixtare  of  iron  ore  and  carbon  as  a  single  operation. 

The  processes  by  which  steelmaking  is  practically  carried  out  are  by  Crucible  steel, 
melting  in  pots  or  crucibles,  giving  **  pot    or  "  crucible  "  steel ;  on  the 
open  hearth  or  bed  of  a  revertKBratory  furnace,  giving  Siemens  or  gjemensor 
Siemens-Martin  steel ;  or  by  blowing  air  through  molten  cast  iron,  pro-  siemens- 
ducing  Bessemer  steel.    In  whatever  way  made,  the  material  is  essen-  ^fartin  sieol. 
tially  the  same,  depending  on  its  chemical  composition  and  physical  BesMuor 
structure  for  its  properties.    It  differs  much  from  wrought  iron,  even  ateeL 
when  chemically  the  same  metal,  because  a  mass  of  wrought  iron  is 
made  up  from  a  number  of  bars  or  blooms,  heated  and  weldcni  together,  Flaws  likely 
each  of  these  again  being  composed  of  separate  granules  with  impurities  to  occur  io 
interposed,  such  as  slag,  &c.,  entangled  so  that  the  mass  is  unavoidably  wrought  iron, 
full  of  flaws  and  impeifect  welds.    Steel,  on  the  other  hand,  has  been  Steel  free 
brought  into  a  state  of  perfect  fusion,  and  cast  while  liquid  into  a  ^i^m  such 
malleable  ingot,  whidi  is  homogeneous*  throughout,  and  free  from  flaws  ^^^ 
or  intermix^  impurities. 

We  now  can  understand  fully  what  steel  means  in  accordance  with 
either  of  the  definitions  given  of  the  term,  whether  depending  merely 
upon  ite  chemical  constitution  as  to  the  amount  of  carbon  present  or 
upon  the  physical  treatment  of  the  metal,  which  must  be  melted  and 
cast  into  a  malleable  mass. 

In  either  case  it  is  evident  that  the  properties  of  the  metal  must  yaryini^ 
vary  very  much,  but  more  especially  if  we  adopt  the  second  definition.  PK>p«*ie»  o£ 
The  soft  or  low  steels  approximate,  like  ordinary  wrought  iron  does,  to  **®*^ 
pure  iron,  and  the  hard  or  high  natures  of  steel  approach  cast  iron  in 
their  properties. 

Over  wrought  iron,  steel  has  always  the  advantage  of  being  homo-  Advantogo 
geneous,  but  it  is  unfortunately  uncertun  in  qualitv,  a  surprising  fact  o^  »*««*  07*^ 
when  we  think  how  it  is  produced ;  still  it  is  so,  and  we  find  that  ingots  ''»^«>"8^t  iron. 
of  this  metal  of  the  same  chemical  constitution,  produced  in  the  same  Uncertainty  in 
way  and  from  identical  materials,  often  differ  much  from  one  another  in  *°®  quality  of 
the  properties  of  elasticity  and  tenacity. 

MGuay  nostrums  have  been  proposed  for  overcoming  this  defect,  which  Bemedics 
appears  to  be  due  to  the  molecular  condition  of  the  metal  as  affected  ^^^ 
during  the  melting  and  the  subsequent  treatment  of  the  ingot. 

It  is  in  modification  and  improvemente  of  the  latter  that  the  so- 
lution appears  to  lie,  and  already  many  plans  are  being  attempted 
for  the  insurance  of  greater  certainty  in  the  qualitv  of  steel,  such,  e.g.^  Casting  under 
as  casting  it  under  pressure,  to  get  rid  of  the  bubbles  or  blow  holes.       pressure. 

Steel  will  not,  like  wrought  iron,  stand  a  high  welding  heat,  especially 
if  it  be  of  a  "  hsod  "  or  '*  high  "  nature.  If  hammered  at  too  great  a 
beat  the  ingot  will  fall  to  Iliece8.t 

*  Homogeneous,  tha(  i^  as  to  sur&oe  and  apparent  structure,  though  not  neoessarilj 
'  jp  in  tensile  strength,  tenacity,  &c 

^  Tide  interestmg  examples  given  in  **  Bemarlu  on  the  Maau£M>ture  of  Steel/'  by 
p.  Cbemoff,  London :  Clowes  luid  Son. 
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After  being  cast,  steel  is  hammered  or  rolled,  and  it  acquires  a  fibrons 
structure  during  this  process,  as  may  be  easily  shown  if  a  bar  of  this 
metal  be  acted  on  by  a  strong  acid. 

When  first  cast,  steel,  excepting  the  higher  varieties,  is  compara- 
tively soft  and  inelastic,  and  can  thud  be  treated  in  a  similar  manner  to 
wrought  iron ;  but  with  the  exception  of  the  very  low  or  soft  varieties,* 
it  may  be  subsequently  hardened  by  what  is  called  "  tempering,"  when 
the  metal  is  heatedf  and  plunged  into  mercury,  water,  oil,  or  some 
other  liquid,  in  order  to  cool  it  more  or  less  quickly.  The  effect  of 
such  tempering  depends  very  much  upon  the  amount  of  carbon  present 
in  the  steel,  as  well  as  upon  the  degree  of  heat  it  is  previously  raised 
to,  and  has  a  marvellous  effect  in  increasing  both  tenacity  and  elastic 
limit  in  the  case  of  good  steel. 

Besides  the  great  uncertainty  of  steel,  we  must  remember  that  it  is 
very  inferior  to  wrought  iron  in  another  important  point,  that  of  being 
easUy  weldable.  The  importance  of  this  property  with  regard  to 
facility  and  economy  in  working  large  masses  oi  metal  can  hardly  be 
exaggerated. 

To  sum  up  the  qualities  of  steel — 

In  tenacity -it  varies,  roughly  speaking,  from  80  to  60  tons  per  square 
inch,  and  its  limit  X)f  elasticity  lies  between  13  and  80  tons. 

The  softer  the  steel  the  more  ductile  it  is,  the  less  readily  can  it  b^ 
tempered,  the  lower  is  its  limit  of  elasticity  and  its  tenacity.  Other 
things  being  eqfnal,  the  more  rapidly  it  is  cooled  the  harder  it  becomes, 
but  at  the  same  time  the  higher  natures  are  rendered  more  brittle. 
When  cooled  in  a  comparatively  bad  conductor  of  heat,  such  as  oil,  the 
mass  parts  with  its  heat  slowly,  and  is  not  only  made  more  elastic  and 
harder  but  also  todghenod,!  while  in  any  case  the  limits  of  elasticity 
and  tenacity  approach  one  another  more  nearly. 

The  effect  of  tempering  upon  the  metal  is,  of  course,  comparative ; 
thus  experiments  have  shown  that  certain  soft  steels  containing  from 
0-15  per  cent,  to  0*22  per  cent,  or  0*24  per  cent,  of  carbon,  were  de- 
cidedly toughened  by  neating  to  a  red  heat,  and  then  being  quenched 
in  water.  The  steel  used  for  our  Woolwich  gun-barrels,  containing 
about  0'8  per  cent,  of  cArbon,  would  be  made  very  hard  but  also  very 
brittle  if  so  heated;  therefore  it  is  tempered  in  oil,  as  being  a  worse 
conductor  of  heat  than  water,  and  is  thus  toughened. 

The  change  in  the 'character  of  steel  produ^  by  tempering  depends 
not  only  upon  the  constitution  of  the  steel  itself,  and  upon  the  nature  of 
the  medium  into  Which  the  steel  is  plilnged,  but  also  upon  the  degree 
of  heat  imparted  to  the  mass  beforehand. 

This  is  shown  well  by  the  following  table  given  by  Mr.  Kirkaldy  :— 


Nators  of  SpodnisiL 


1.  Highly  heated,  and  cooled 

in  water    ••         ••         •• 

2.  Highly  heated  and  coded 
ehwl 


ily 


•  • 


8.  Moderately  heated^  alid 
cooled  meSl         •  • 

4.  Highly  heated,  and .  cooled 
in  otZ  •  •  •  •         •  • 


Tenadtj 

(tons  per 

•quanuioh). 


} 


80 

801 

53 

58 


Elongation 
percent. 


0 
22 


14*  } 
21 


ChMactof  of  Fntctmo. 


Entirely  granular. 

Entirely  flbrons. 
ird  granular. 
}ida  fibiona. 

Almeet  entirely  granular. 


*  Thus,  "  some  Taiietiee  of  soft  steel  naed  for  boiler-plates.  Steel  haTing  letos 
carbon  than  many  irrought  irons,  may  be  heated  to  redness,  quenched  in  irater,  and 
Bubsequently  bent  double  without  cracking,  or  may  be  twisted  into  any  form,  like  as 
much  lead."    Vide  Prooeedings  Institute  C.E.,  toI.  xHi.,  Part  lY. 

t  This  heating,  howerer,  must  reach  a  certain  minimum  of  temperature  in  each 
case,  the  minimum  depending  upon  the  nature  of  the  steeL 

X  Tide  p.  163  as  to  toughening  tubes  for  serrioe  guns. 
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Should  the  steel  be  too  highly  carburetted,  or  be  m  too  large  a  mass,      CHAP.  I. 
it  is  liable  to  fracture  during  the  process  of  toughening.  

With  the  higher  natures  we  can  obtain  very  great  strength  and  ?.^?^**  ^^ 
elasticity,  though  we  lose  in  ductility  and  have  a  more  brittle  material,  tiu^tte^iteel 
We  have  also  me  great  advantage  of  hardness  and  homogeneity,  giv- 
ing us,  when  required,  a  very  smooth  surface  quite  free  from  flaws. 

Until  further  improvements  are  made,  these  advantages  are  counter-  tTncertainty 
balanced  by  great  uncertainty*  as  to  the  behaviour  of  the  material,  and  expense 
especially  in  the  higher  or  harder  steels.     The  greater  cost  of  steel  of  of  »teeL 
sufficiently  good  quality  is  also  a  disadvantage  when  we  compare  it 
with  wrought  iron.f 

The  brittleness  and  uncertainty  of  this  material  prevent  us  employ- 
ing steel  as  a  sole  material  for  any  gun  save  the  small  7-pr.  for  boat 
and  mountain  service  (vide  p.  173).     Although,  however,  steel  is  not 
such  a  material  as  we  should  employ  for  the  sole  manufacture  of  a  gun, 
yet  it  is  admirably  suited  for  the  inner  barrel,  as  it  is  very  strong  and 
gives  us  a  hard  clean  surface,  while  its  limit  of  elasticity  is  high,  so  Why  well 
that  even  a  heavy  strain  does  not  stretch  it  permanently  and  deform  snited  f op  gun 
the  bore.    It  may  indeed  split  if  subject  to  too  great  a  pressure  when  harrela. 
not  properly  supported  by  the  exterior  layers,  but  by  putting  a  wrought 
iron  jacket  outside  we  prevent  any  danger  from  that  cause ;  for  should 
the  steel  tube  burst,  the  wrought  iron  ezterior  will  prevent  any  explo- 
sive rupture. 


Tests  applied  to  Steel  in  the  R.OJF. 

For  our  own  gun  barrels  we  require  steel  of  a  certain  quality  Quality  of 
which  is  not  too  high  or  brittle  when  toughened,  and  which  will  yet  jteel  required 
give  tte  after  that  operation  sufficiently  £urd,  tough,  and  yet  elastic  ^l^ 
material.  ^  •  ' 

Oh  account  of  the  uncertainty  of  steel,  each  ingot,  when  received 
from  the  contractor,  is  tested  in  the  R.G.P.  (as  described  in  Chapter  V, 
p.  99). 

StmMAAT  OF  THE  OUN  MSTALS. 

Bronze. 

To  sum  up  as  to  gun  metals  generally, — 

Bronze,  an  alloy  of  copper  and  tin,  is  an  expensive  material,  too  soft  Summaiy  of 
for  the  bore  of  a  rifled  gam,  and  further  liable  t6  flaws,  due  to  the  want  the  gun 
of  proper  mixture  of  its  constituents.     It  is  tough,  but  wantmg  in  metals. 
elasticity  and  tenacity. 


*  If  this  unoextainty  be  oTeroome,  steel,  aooording  to  our  doflnition  of  an  ftUoyof 
inm,  cast  into  a  malleable  ingot,  may,  perhaps,  prore  a  satasfaotoxy  son  metal.  The 
sereral  parts  being  made  of  steel  of  different  qualities,  that  portion  for  the  inner  bar- 
rel being  hard  and  elastic,  and  that  for  the  outer  portions  becoming  softer  and  more 
ductile  as  we  approach  the  exterior. 

t  Numbers  of  steel  guns  are  made,  both  in  England  and  by  foreign  gnnmakers,  the 
outer  portion  being  of  a  much  milder  or  less  oarburetted  nature  of  steel  than  the 
banel,  but  as  yet  itis  doubtful  whether  such  gons  can  be  trusted,  on  aooount  of  the  un- 
oe(rtainty  of  their  material.  Many  such  steel  guns  have  bust  nadoraerriM  oonditiMU. 
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Much  advance  has  recently  been  made  in  the  treatment  of  this  alloy, 
but  the  defect  of  want  of  homogeneity  does  not  appear  to  be  overcome, 
while  any  such  advance  will  probably  be  easily  distanced  by  improve- 
ments in  the  much  stronger  metal,  steel. 

In  our  service  ordnance  we  no  longer  employ  bronze,  though  we 
retain  some  smooth-bore  bronze  ordnance  and  a  few  rifled  7-prs.  made 
of  that  metal. 


CoBt  irOfu 


Cost  iron. 


Cast  iron  is  cheap,  easily  worked,  but  of  low  tenacity  as  compared 
with  other  iron,  bemg  on  an  average  about  half  that  of  wrought  iron. 
It  can  be  fused  and  cast  without  difficulty,  and  is  comparatively  hard. 
It  is  not  malleable,  and  therefore  incapable  of  welding.  It  is  brittle  and 
uncertain  in  character,  on  account  of  which  and  of  its  comparative  low 
tenadtv,  we  no  longer  employ  this  metal  as  a  material  for  ordnance, 
and  only  retain  it  in  the  case  of  old  smooth  bore  guns,  and  for  economy's 
sake  in  rifled  guns  converted  from  such  pieces  by  strengthenmg  them 
with  wrought  iron  barrels. 


Wnmghi  iron. 


Wrought  Iron. 


Wrought  iron  or  malleable  iron  obtained  from  cast  iron  without  being 
melted  subsequentlv,  when  it  contains  less  than  0*3  per  cent,  of  carbon 
(as  in  the  case  of  the  wrought  iron  used  by  us  in  gun  manufacture),  has 
the  following  qualities : — 

It  is  almost  mfusible,  but  readily  welded.  It  is  soft,  having  about 
one  half  of  the  hardness  of  cast  iron ;  it  is  further,  from  its  mode  of 
production,  liable  to  flaws,  which  make  it  difficult  to  obtain  with  this 
metal  a  fair  and  clean  surface.  Its  elastic  limit  is  also  low,  and  these 
qualities  provent  our  employing  it  any  longer  as  a  material  for  gun- 
barrels,  except  in  the  case  of  our  converted  guns,  when  we  employ  it 
in  conjunction  with  the  brittle  cast  iron  for  the  sake  of  safety.  Most 
of  our  rifled  breech-loading  guns,  however,  and  the  earlier  R.M.L.  guns 
aro  made  entiroly  of  this  metal 

The  comparative  softness  of  wrought  iron  causes  the  bore  and  grooves 
to  be  worn  and  indented  when  firing  the  enormous  charges  now  used, 
and  the  very  property  of  extensibility  which  renders  it  so  valuable  for 
the  exterior  is  to  a  certain  extent  a  disadvantage  in  the  inner  tube, 
which  becomes  more  and  more  enlarged  with  repeated  firing,  until  at 
last  the  material  is  stretched  so  far  that  it  must  yield,  and  the  barrel 
splits,  while  the  exterior  of  the  gun  remains  perfectly  sound. 

Wrought  iron  has  a  large  amount  of  tensile  strength  between  its 
limits  of  elasticity  and  fracture  due  to  its  ductility,  and  it  is  therefore 
a  very  safe  material,  stretching  considerably  before  it  ruptures.  This 
qualify^  combined  with  its  certainty,  cheapness,  facility  of  working,  and 
tne  capability  it  possesses  in  a  high  degree  of  being  welded,  make 
wrought  iron  a  very  good  material  for  the  outer  portion  of  a  gun  where 
small  flaws  are  of  no  consequence,  but  where  we  require  above  all  a 
material  to  be  depended  on  in  case  of  rupture  of  the  inner  barrel ;  we 
consequently  employ  wrought  iron  for  tiie  exterior  of  all  the  built  up 
rifled  guns  now  manufactured. 
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Steel  ^^'  ^• 

Steel  is  a  fusible,  malleable  alloy  of  iron  with  carbon  and  other  Stool, 
imparities.  When  it  contains  above  0*2  per  cent,  of  carbon,  as  that 
employed  by  us  in  gnn  manufacture,  it  possesses  some  of  the  Qualities 
both  of  cast  iron  and  wrought  iron.  It  can  be  easily  fused,  and  on  the 
other  hand  is  malleable  and  more  or  less  weldable,*  according  as  it  is 
comparatively  soft  or  hard. 

It  is  tough  and  elastic,  with  a  much  higher  tenacity,  but  not  neces* 
sarily  of  greater  tensile  strength  than  wrought  iron.  By  tempering 
this  material  we  can  increase  very  much  its  limit  of  elasticity  and 
tenacity.    We  can  also  by  the  same  method  make  it  extremely  hard. 

As  it  has  been  melted  when  in  a  malleable  condition,  it  is  free  from 
the  foreign  matters  entangled  between  its  particles  such  as  we  find  in 
wrought  iron ;  consequently  it  is  homogeneous  and  allows  us  to  obt^n 
a  clean  surface. 

The  qualities  of  hardness,  homogeneity,  high  elasticity,  and  great 
tenacity,  make  steel  a  good  materisu  for  the  inner  barrel  of  a  gun. 

Cast  steel  as  at  present  made  has,  however,  the  great  defect  of  un- 
certainty, while  such  steels,  when  suitable  for  an  inner  barrel,  from 
being  hard  and  of  high  tenacity,  have  little  margin  between  their  limits 
of  elasticity  and  rupture,  and  are  consequently  liable  to  fly  to  pieces 
suddenly  without  warning.  We  therefore  use  steel  alone  for  the  manu- 
facture of  but  one  nature  of  gun,  the  small  rifled  7-pr.t  but  employ 
this  metal  for  the  barrels  of  all  our  R.M.L.  guns,  except  in  the  earlier 
natures,  before  mentioned,  which  have  wrought  iron  tubes. 

Materials  at  present  used  in  Service  Ordnance. 

We  manufacture  our  present  ordnance  from  mild  steel  toughened  in 
oil  for  the  inner  barrel,  and  from  good  ductile  wrought  iron  for  the 
remaining  portions. 

So  admirably  do  these  materials  answer  as  we  now  employ  them,  Not  a  single 
that  we  may  boast  of  having  thousands  of  rifled  guns  thus  built  up,  "^od  gun 
fi-om  the  9-pr.  weighing  but  6  cwt.,  to  the  16-inch  gun  of  80  tons  ^^JJJJ^ 
weight,  not  one  of  which  has  burst  explosively  on  service,  nor  has  the  ij,^^^.  ^^^ 
sacrifice  of  a  single  life  been  due  to  their  breaking  up.    Under  service  lemoe. 
conditions  in  fact,  no  built  up  gun  of  wrought  iron  and  steel  of  our 
present  manufacture  has  failed  from  any  defect  due  to  the  materials 
of  which  it  was  made.    With  this  safety  and  certamty  in  pur  material 
we  may  well  be  satisfied,  though  our  authorities  are  by  no  means 
blind  to  the  advances  in  metallurgy,  and  will  be  always  ready  to  adopt 
new  materials  if  proved  really  superior  for  our  purposes  to  those  we 
now  employ. 


*  Thougli  always  far  inferior  in  this  property  to  wrousht  iron. 

t  That  farther  adyances  in  steel  manufacture,  especially  in  its  treatment  after  cast- 
ing, may  at  a  future  time  enable  us  to  make  guns  wholly  of  steel,  and  still  stronger 
than  our  seryice  pieces,  is  perhaps  possible.  It  will,  however,  in  that  case,  be  little 
more  than  a  difference  of  terms,  as  the  very  soft  steel  which  would  be  used  for  the 
exterior  portions  would  in  most  of  its  characteristics,  in  durability,  margin  of  safety, 
&c.,  resemble  the  wrought  iron  we  now  use.  Before  there  is  any  chance  of  our 
thus  using  steel,  however,  we  must  have  much  greater  certainty  in  quality  ensued  to 
it  than  we  have  at  present. 


(C.O.) 
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TABLE  I. 


Table  showing  the  ELAsno  Lmrt  and  Tckaoitt  of  Average 
Specimens  of  the  Metals  used  in  the  R.O.F. 


MatcTlsto. 


Tom  per  Sqoare  Ineh  at 


Yletdioff. 


BreaUng. 


»»—^  1«  ■  J  1  fc— fc.<iMfc 


ladiat 


Sronse      •  •         •  •         •  • 

Caafcironj^;;         ;* 
Wrought  iron  along  its  fibre 

I  tempered  in  oil .  • 


6-8 

11*0 
13  0 
81-0 


U-9 
9*0 
14  0 
22  0 
81  0 
47-0 


0-29" 

0-8* 
0-21" 

0  -ir 


These  numbers  show  of  conrse  only  a  rough  average  approxiauitioB 
with  reference  to  the  particular  natures  of  the  metals  meatiooed  which 
are  used  in  the  R.G.F. 

Roughly  speaMng,  wrought  iron  is  twice  as  hard  as  bronze,  oast  iron 
is  twice  as  hard  as  wrought  iron,  and  hardened  steel  i^  twice  as  hard  as 
cast  iron. 


*  The  spedmenB  of  caat  iron  tested  in  the  B.G.F.  are  too  short  to  enable  the 
yielding  point  and  elongation  to  be  very  accurately  determined. 
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CHAPTER  11.  ^'^"• 


GON  CONSTRUCTIOK  aENERALLY.* 


0tm  ooxwtraction  sonearally.— Casting.— Building  up. — ^Bore. — ^IkngeatiEkl  and 
longitudinal  Btresses. — Stxiength  of  a  cylinder  limited. — ^Barlow's  theory. — 
American  Bodman  guns. — Austrian  TTchatius  guns. — Systems  of  initial  tension.-^- 
TaiTing  elasticities. — Armstrong  principles. — ^Wrought  iron  ©oils.— Arrangement 
of  fibre  tangentially  and  longitudinally. — ^Palliser  guns. — Shrinkage. — Com- 
pression.— ^Tension. — ^Disposition  of  motal  in  service  guns. — Coiutrtiation  of 
otur  &.B.Ij.  erons. — Fraaeir  constmctlon. — ^First  trial  of  9-inQh  gons  on  the 
cheap'  plan. — ^Trial  of  64-pr8. — Adoption  of  cheap  oonfltmetlon. — Bursting 
of  a  9-inch  gun  at  proof. — ^Final  trial  of  9-inoh  guns.-^Why  steel  is  nicd  for 
Otir  gun  barrels. — Oonyerted  amns,  'why  wrought  iron  barrels  tised.-^GK»nerBl 
question  of  B.L.  «.  M.Ij. — Some  adrantages  and  disadvantages  of  both  systems.-^-^ 
Chambering. — Enlarged  chambers  and  results  produoed.-'^AJr-i^^aolngr  and  its 
object. — ^Blflinfir. — ^Angular  velocity. — Velocity  of  translation. — Twist. — Anglo  of 
rifling. — TJniform  or  increasing  twist. — Centring  of  projectile. — Loading  and 
driving  side  of  groove. — Pressures  upon  studs,  groore,  and  bore. — ^With  uniform 
and  increasing  twist. — ^Advantages  of  the  increasing  twist. — ^The  grooves. — Stud 
system. — Grooves  of  B.L.  guns  and  M.L.  guns. — Shiint  groove. — ^Plain. — ^Wool- 
wich.— French  modified. — ^French. — Modem  polygroove. — Stops  in  bore  for  pro- 
jectile.— ^VentiUff  and  *vetst9>-*C<tppef  'bush?---Steel  bash;---Wrought  iron  bush. 
--Position  of  rent.— S.B.L^'S'iB.,  Hlid  IftiVCIL.  gim».«^n  turret  ships.— Effects 
consequent  on  po3ition.^^Atfid'T6tft.-«-Q^O«lt&m^  teuVs 'in  small  guns. — ^Forward 
Tents. — ^Vents  in  converted  guns.^ — ^Howitsers  and  4t>»pr.  downwiuds. — Cone  and 
through  vents. — ^For  converted  guns. — 7-pr.  steel  gun  exceptional. — 80-ton  gutL 
— Wear  of  vent. — ^Plans  for  prevention  of  wear. — Sifffatlnff  generally. — ^For©  ' 
sights. — ^Tangent  sights. — Sights  for  S.B.  ordnance. — Sights  for  rifled  ordnance. — 
Angle  of  deflection. — ^Determination  of  permanent  angle  of  deflection. 

Bow  should  a  gun  be  constructed  ?    This  question,  «o  often  aslced,  Gun  con- 
is  not  so  readily  answered ;  when  we  begin  to  thdnk  over  the  matter,  struotion* 
we  discover  that  the  problem  set  before  us  is  so  complicated,  and  A  very  com- 
d^)cnds  upon  so  many  Tariables  :that  its  solution  is  no  easy  matter.  plez  proUem. 

It  has  indeed  been  solved  by  many  an  inventor  to  his  own  complete 
sa£isf action,  but  otherwise  th^  remain  points  on  which  gunmakers  so 
Caroiiittt  agree  to  differ. 

^o  take  seriatim  those  which  we  fawe  principally  to  consider  in  con- 
ittractii^  a  piece  of  ordnance. 


^*  This  chapter  does  not  pretend  to  deal  in  any  way  exhaustively,  nor  to  lay  down 
Ate  law  as  to  the  complex  qnestion  of  gun  oonstruction,  but  father  to  draw  attention 
to  the  main  points  to  be  considered  with  the  view  of  inducing  thought  on4he  subject. 

(0.0.)  c  2 
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CHAP.  IT.         Iq  the  first  place  there  is  (1)  the  absolate  casting  or  building  up  of 
^j,  T"?         the  gun  ;  then  follows  (2)  its  completion  as  a  B.L.  or  M.L^  and  also 
id^Stf    ^^'  *®  question  of  what  should  be  (3)  the  length  of  bore,  calibre,  Ac,  and 
f         ons.       ^^  dimensions  of  chambers,  if  any ;  subsequently  (4)  the  adoption  of 
a  suitable  system  of  rifling,  and  of  a  mode  of  stopping  the  projectile 
always  at  a  definite  point  in  the  bore  and  lastly  the  minor  considera- 
tions of  (5)  venting  and  (6)  sighting. 

• 
1.  Casting  or  building  fq>  the  Oun, 

Setting  on  one  side  then,  for  the  present,  the  vexed  question  of  B.  L. 

versus  M.  L.,  and  the  equally  disputed  point  as  to  the  system  of  rifling 

which  should  be  employed,  let  us  look  at  a  gun  merely  as  a  tube  destined 

to  withstand  a  given  pressure  from  within  when  throwing  a  projectile 

whidi  shall  produce  certain  effects  at  the  required  distance  or  aistances. 

Gnu  tube  In  constructing  such  a  tube,  we  must  firat  consider  what  pressure 

shonld  be  safe  it  will  have  to  withstand  at  the  various  points  in  its  length,  and  tiien 

aa  to  strength,  make  it  strong  enough  to  ensure  perfect  safety.    The  bore  also  should 

be  of  such  a  material  as  to  stand  the  wear  and  tear  of  firing  a  large 

number  of  rounds  without  being  so  damaged  by  expansion  or  abrasion 

as  to  interfere  with  the  shooting. 

Not  only  must  the  gun  be  sumcientiy  strong,  but  it  must  not  be  too 

costly,  nor  too  heavy,  so  it  is  important  that  the  material  should  be 

^^^P"*       arranged  in  sudi  a  manner  that  there  should  be  no  waste  of   its 

fonn  itf  work,  s^'^^iig^j  arranged  in  fact  so  that  every  part  should  perform  its  own 

share  in  withstanding  the  pressure  from  within. 
Pressxire  When  the  shot  begins  to  move,  or  more  usually  shortly  afterwards, 

peater  the  pressure  inside  the  gun  gets  less  (vide  p.  348),  and  continues  to 

in  rifled  than    decrease  as  the  projectile  approaches  the  muzzle ;  for  this  reason  we 
S.B.ordnanoe.  jj^ve  to  make  the  gun  stronger  about  the  powder  chamber  than  towards 

the  muzzle  end,  more  especially  in  rifled  guns  where  the  pressure  is 

much  greater  than  in  S.B.  ordnance,  and  where  the  shot  does  not  move 

so  soon.* 

Circomferen-        Looking  simply  to  the  construction  of  a  gun  cylinder,  we  find  that 

tial  tension*  *    t^©  t^o  principal  stressesf  to  which  such  a  cylinder  is  subjected  upon 

the  explosion  of  the  charge  are :  first  and  most  important,  (a),  a  cir- 
Longitudinal  cumferential  tension  tending  to  split  the  gun  open  longitudinally; 
tension.  secondly,  (b),  a  longitudinal  tension  tending  to  pull  the  gun  apart  in 

the  direction  of  its  length. 

(a)  Circumferential  Tension. 

The  simplest        ^ow  the  least  complicated  method  of  making  a  gun  would  seem  to 
waj  of  be  that  of  casting  it  as  a  homogeneous  hollow  cylinder,  but  if  we  take 

making  guns,    such  a  tube,  made  of  one  material  throughout,  we  find  that  its  tangen>- 

tial  strength   to   resist  a  pressure  from  within  does  not  increase 

uniformly  with  its  thickness. 
We  find  practically  that  with  a  given  material  we  soon  reach  a  limit 


*  The  greater  the  weight  of  a  projectile,  the  greater  is  the  opposition  from 
inertia  whieh  it  offers  in  the  bore  to  the  expansion  of  the  ignited  charge,  and 
this  opposition  is  also  slightij  increased  if  the  projectile  is  ohliged  to  travel  uironfth 
the  hore  in  a  spiral  course,  so  it  is  easj  to  understand  why  a  rifled  gun  must  be 
of  stronger,  tougher,  and  more  elastic  material  than  a  smooth-bore  gun,  in  which 
the  round  shot  yields  more  promptly  to  the  first  pressure  of  the  powder  au  (to  which 
it  presents  half  its  surface),  while  the  stress  on  me  gun  is  much  reliered  hj  the  com- 
parativelj  great  windage. 

t  Besides  these,  we  haye  (c)  the  stress  of  compression  or  crushing  stress,  tending 
to  diminish  the  thickness  of  the  metal,  and  (d)  a  transrerse  stress,  tendiog  to  stretch 
the  gun  transrerselj. 
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beyond  which  any  additional  thickness  of  wall  aids  but  little  in  ena-  OHAF.  II. 
bling  the  cylinder  to  withstand  such  a  pressure ;  supposing  the  metal     .  .— - 

to  he  incompressible,  this  limit  is  taken  at  about  half  a  calibre,  so  ij^^  ^™^* 

that — for  example,  in  the  cylinder  of    an  hydraulic  press — ^if    the  of  metoL  *" 
thickness  of  its  walls  be  equal  to  one  half  the  diameter  of  the  piston 

which  works  inside,  then  the  cylinder  will  be  nearly  as  strong  as  if  it  ^iSj* 

were  ten  times  as  thick.  arauuo  preis. 

To  give  an  instance  from  our  own  ordnance ;  the  sides  of  the  1 8-inch  Thickness  of 
S.S.  mortar  are  twice  as  thick  as  those  of  the  13-inch  L.S.,  but  the  13-inch  S  S. 
former  piece  is  not  by  any  means  twice  as  strong  as  the  latter.  mortar. 

In  fact,  however  thick  we  make  the  sides  of  such  a  cylinder,  we  can 
only  obtain  a  certain  strength  from  it,  depending  upon  the  nature  of 
the  material  used. 

It  is  generally  agreed  that  no  possible  thickness  can  enable  a  Strength  of  a 
cylinder  to  bear  a /continual  pressure  from  within,  greater  on  each  komogeneoTia 
square  inch  than  the  tenacity  of  a  square  inch  bar  of  the  material;  **-j^^J^^^^""**^ 
that  is  to  say,  if  the  tenacity  of  cast  iron  be  11  tons  per  inch  no  cast  gtrength^of  its 
iron  gim  however  thick  could  bear  a  charge  which  would  strain  it  xnateriaL 
beyond  that  point,  for  on  the  first  round  the  interior  layer  would  be 
ruptured  before  the  outer  portion  could  come  into  play  and  every 
succeeding  round  would  tend  to  make  matters  worse.* 

To  begin    with,    supposing   the    metal  incompressible.    Professor  Professor 
Barlow,  F.R.S.  (whose  theory  is  generally  adopted,  though  known  to  ^^rlow's 
be  but  approximately  true),  arrived  at  the  conclusion  that  the  circum-  tSe^^irionsof 
ferential  tension  of  every  concentric  layer  of  metal  of  a  gun  is  in-  ^ly^  gereral 
versely  as  the  square  of  its  distance  from  the  centre  of  the  bore.    The  layers  of 
following  being  his  method  of  proof : —  metal. 

Suppose  the  metal  of  which  a  hollow  cylinder  is  made  to  be 
incompressible,  which  would  be  the  most  favourable  case,  then  the 
tension  of  any  cylinder  due  to  a  pressure  acting  from  within  is  inversely 

as  the  square  of  the  distance  from 

the  centre. 

Let  Ca  =  r  =  Cft  =  R 
CA  =  r'=CB=R' 
and  let  the  solid  lines  in  the  Fig. 
represent  the  inner  and  outer  sur- 
faces of  a  hollow  cylinder  before 
extension,  and  the  dotted  lines 
represent  the  same  after  extension. 

Then  in  this  case  we  have  sup- 
posed the  area  between  the  dotted 
lines  is  equal  to  the  area  between 
the  solid  lines  or 

fr  (R»  -  !•»)  =  «-(R'«  -  r'«  )  or  A  =  A'. 

But  as  A'  is  further  removed  from  the  centre  its  length  is  greater, 

*  This  assumption  is  founded  on  the  supposition  tliat  the  metal  is  incompressible, 
and  that  in  consequence  the  tension  on  each  lajer  is  inrerselj  as  the  square  of  its 
distance  from  the  centre ;  no  account  is  taken  of  the  compressibility  of  the  metal, 
which  would  allow  of  a  greater  tension  of  the  exterior  to  that  given,  while  again  it 
supposes  that  the  tension  is  transmitted  instantaneously  throughout  the  thickness 
which  gives  an  error  in  the  opposite  direction. 

Takincr  extensibility  and  compressibility  into  consideration,  the  stress  on  the 
exterior  layers  is  greater  than  that  shown  by  Barlow's  formula;  the  actual  tension 
of  each  layer  probably  lies  somewhere  between  the  results  given  by  the  under- 
mentioned  formula  of  Dr.  Hart,  and  that  of  Professor  Barlow. 

The  latter,  however,  is  the  simpler,  and  its  results  have  been  shown  to  be  fairly 
trustworthy  in  practice. 

Dr.  Hart,  Fellow  of  Trinity  College,  Dublin,  having  taken  into  account  the  exten- 
sibility and  compressibility  of  the  metal,  the  latter  of  which  Professor  Bariow 
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and  therefore  its  breadth  less,  so  that  the  absolute  extension  of  A' 
compared,  to  that  of  A  will  be  inversely  as  their  radii. 

In  other  words,  if  R'  -  E  =  dR 

TheadUidrtiriTi 
or  (i  B.  B  =  <2r .  r 

•  •  ^  "^  "~  r 

dR   ir 
or^^:— : :  r  :  R* 

Now  tiie  strain  is  the  increase  in  length  produced,  divided  by  the 

dR  dr 

original  length,  so  that  if  -^  represents    strain    on  A,   then  — 

represents  strain  of  A',  so  that  the  strain  upon  any  concentric  layer 
diminishes  as  the  square  of  its  distance  from  the  centre,  or  the  strains 
of  such  layers  are  to  one  another  inversely  as  the  square  of  their  radii. 
We  can  now  find  what  the  total  resistance  of  any  hollow  cylinder  would 

be  to  a  pressure  from  within  according  to  the 
formula.  In  the  figure  Below,  showing  section 

of  a  homogeneous  cylinder,  let^?  ~  t.  and  o 

centre  of  the  bore,  being  the  origin  of  the  axes 
of  X  and  y,  the  abscissae  will  represent  the 
distance  from  the  centre,  and  the  ordinates 
ap^h  q  the  stress  or  tension  of  the  different 
concentric  layers. 
For  the  curve  pq  we  have   the  equation 

y  =  --^,  for  thetensiony  varies  inversely  with 

(XT 

a^  and  directly  with  c,  which  is  a  constant 
depending  upon  the  pressure  exerted,  and  the 
radius  of  bore  (r). 

Now  the  total  useful  efTect  (T)  to  be  got  out 
of  such  a  cylinder  is  equal  to  toe  sum  of  the 
tensions  on  the  different  layers  multiplied  by 
the  thickness  of  each  layer,  and  will  be  repre- 
sented by  area  a  p  qb, 
r 


Then  T=/5.  <l^  =  c(l-l) 


B 
Mhere  cis  a  constant  depending  on  the  pressure,  etc. 


^e^lects,  calculated  that  there  is  a  greater  tension  of  the  exterior.    His  formula  may 
\>c  \vritten  thus. 

•"'c'-tf^  +  H. 

Jt  and  r  being  the  external  and  internal  radii,  p  the  radius  of  an  intermediate  lamina 
of  iR-hich  ff  is  the  teneion,  and  9  tbe  tension  of  the  inside. 

If  Ave  Trant  to  compare  the  strain  on  the  inekieirith  that  on  the  ontsidci  p^S, 
and  we  haye  by  inyenrion, — 

In  the  case  of  the  lO-inch  gun  before  referred  to,  the  tension  of  the  interior  com- 
pared with  that  of  the  exterior,  would,  according  to  Barlow,  be  as  100  to  25,  or  four 
times  as  great,  but  according  to  Hart,  only  as  125  to  50,  or  2^  times  as  great. 
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If  the  teosion  were  uniformly  the  same  as  at  r,  we  should  have  each     CHAP, 
layer  of  metal  offering  the  same  amount  of  resistance,  i.«.,  we  could         """^  ' 
utilize  the  whole  strength  of  the  metal  in  the  thickness  of  the  cylinder. 
![^r^ofe>  were  the  tension  the  same  throughout,  the  total  strength 

(S)  ^o'lld  plainly  be  lAr)  multiplied  by  thickness  of  metal,  or 

T[ _       Total  useful  effect     _rR  (^""^J_jr 

S  ""  Total  strength  of  metal       ^  K 

in  wall,  "pri^'-r) 

or  the  value  of  such  a  cylinder  may  be  represented  by  the  ratio  of  its 
external  to  its  internal  diameter  multiplied  by  the  strength  of  the  wall, 
which  clearly  varies  directly  as  the  thicbiess  of  the  wall  of  the 
cylinder.  It  is  clear  also  that  the  thinner  the  wall  of  the  cylinder  the 
greater  proportional  amount  of  work  we  get  out  of  the  metal  com- 
posing it,  as  represented  by  the  ratio  of  ("f")  the  total  useful  effect  to 
{S\  fl^e  total  strength  of  the  metal  in  the  wall  of  the  gun,  while  the 
greater  the  calibre  the  more  advantageously  can  we  increase  the 
uiickness  of  our  gun  cylmder. 
To  fmd  the  greatest  possible  resistance  (Z)  for  a  cylinder  of  infinite  How  to  find 

thii^koees,  we  will  integrate  y  =  ^between  the  limits  ^  ^  ^  ^  Swe  tob^ 


ance. 


«>wo/*^=»{l^^} 


00 

.•.Z  =  5. 

r 

But  to  find  the  value  of  c  we  know  that  when  yia  a,  maximum  then 
a:  =n    And  if  the  maximum  value  of  y  be  expressed  by  Y, 

Then    c^iYr*. 

And     Z  =  ^  =  Yr. 

r 

Now  the  totel  tension  developed  by  explosion  tending  to  split  a  gun 
open  longitudinally  is  pr  where  p  is  the  pressure  per  square  inch 
and  r  is  uie  radius  of  bore.  When  an  explosion  takes  place  and  p  is 
greater  ilum  Y  the  cylinder  must  burst ;  or,  in  other  words,  no  thick- 
ness of  meti^l,  however  great,  in  an  homogeneous  cylinder  can  with- 
BibBflxd  a  pressure  greater  than  the  tenacity  of  a  bar  of  the  same  metal. 

Initial  tensiom  cmd  varying  elaaticities. 

From  the  above  it  is  clear  that  guns  made,  as  S.B.  pieces  used  to  be  initial teneior^ 
manufactured,  by  casting  iron  or  bronze  into  homogeneous  cylinders,  ^nd  Tarying 
cannot  be  made  strong  enough  to  stand  more  than  a  certain  pressure  elasticities, 
from  within,  for  the  inner  portions  receive  the  brunt  of  the  explosion, 
while  the  outer  portions  are  hardly  affected  by  it  at  all,  and  conse- 
quently there  is  a  certain  amount  of  dead  weight  about  every  homo- 
geneous gun.    What  we  require,  then,  in  manufacturing  a  gun  cylinder 
is  not  to  make  it  a  homogeneous  hollow  cylinder,  but  so  to  arrange 
that  the  inner  portions  shall  be  stronger  than  the  outer  parts,  and  to 
obtain  from  each  concentric  layer  of  metal  as  much  useful  effect  as 
possible  in  withstanding  a  pressure  from  the  interior.    How  to  carry 
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CHAP.  II.     this  out  in  the  best  way  is  the  problem  which  ail  gomuakers  try  to 
solve. 


American 
Rodman  guzuB 


Austrian 
Uchatiusgons 


Building-up 
systems. 


Initial  tension. 

Jaryhxa 
elasticities. 


In  America  Rodman  S.B.  gmis  for  L.S.  were  made  by  casting  the 
.  piece  hollow  and  cooling  it  from  the  interior,  so  that  the  inner  portion 
is  compressed  and  supported  by  the  contraction  of  the  outer  more 
liquid  portions  upon  it  while  cooling. 

This  was  a  great  step  in  advance  theoretically,*  for  the  layers  of 
metal  become  stronger  and  stronger  as  we  approach  the  surface  of  the 
bore,  where  the  strain  is  greatest.  But  however  well  cast  iron  may  be 
disposed,  it  is  naturally  too  weak  and  brittle  a  metal  for  use  with  heavy 
rifled  guns,  and  those  nations  ^hich  employ  it  by  itself  for  such  guns 
do  so  because  it  is  cheap  and  easy  to  manufacture,  and  not  because 
they  consider  it  the  best  material. 

In  another  case,  that  of  the  Austrian  Uchadus  guns,  and  also  of  the 
Russian  Lavroff  guns,  we  have  rifled  pieces  cast  from  a  metal  homo- 
geneous at  first  as  to  material,  but  the  several  layers  of  which  are  sub- 
sequently to  casting  in  chill  placed  in  a  state  of  tension  as  regards  the 
exterior,  and  of  compression  as  regards  the  interior,  by  driving  through 
the  bore  of  the  gun  block  a  series  of  steel  mandrels  gradually  in- 
creasing in  size. 

The  inner  layers  are  so  made  harder,  and  although  a  portion  of  their 
elasticity  and  tensile  strength  is  overcome,  they  are  better  supported 
by  each  of  the  outer  concentric  layers,  and  are  given  higher  limits  of 
ultimate  strength,  both  as  to  elasticity  and  tenacity,  as  we  see  from 
Fig.,  p.  3  shomd  be  the  case. 

Gunmakers  at  the  present  day  are  fortunately  no  longer  limited  to 
manufacturing  guns  by  casting,  but  can  build  up  a  hollow  cylinder, 
the  walls  of  vmch  may  be  composed  of  concentric  layers  of  cUfferent 
strength,  so  that  each  may  arrive  at  its  limit  of  elasticity  at  the  same 
time ;  so  that,  in  fact,  when  the  layer  of  metal  nezt  the  bore  approaches 
its  elastic  limit  or  its  limit  of  fracture,  each  successive  ring  of  metal 
from  within  outwards,  approaches  at  the  same  time  its  elastic  limit 
or  its  limit  of  fracture  respectively. 

This  object  we  may  obtain  by  employing  a  single  metal  for  the 
several  portions,  and  so  disposing  the  various  layers  over  each  other 
that  the  inner  layers  or  tubes  are  compressed  by  those  outside  them, 
while  the  exterior  tubes  are  at  the  same  time  put  into  a  state  of 
tension,  the  inner  layers  being  thus  strengthened  at  the  expense  of  the 
outer  portions  of  the  metal.  In  this  case  we  obtain  the  whole  strength 
of  all  the  layers  except  a  part  of  that  of  the  outer  and  unsupported 
ring.  It  must  not,  however,  be  for  one  moment  supposed  that  this 
theoretical  perfection  is  ever  reached ;  the  nearest  approach  to  it  is  far 
from  perfect,  and  theoretic  advantages  have  to  give  way  largely  to 
practical  considerations  of  manufacture. 

Again,  we  may  arrive  at  a  similar  result  by  employing  metals  varying 
in  elasticity  or  in  tenacity  for  the  several  parts,  those  possessing  the 
largest  amount  of  strength  constituting,  of  course,  the  inner  portions, 
so  that  where  the  greatest  stress  is  felt  it  will  be  borne  by  the  stronger 
material. 

These  two  methods  are  sometimes  called  respectively  those  of  initial 
tension  and  of  varying  elasticities.    They  may  be,  and  frequently  are, 
both  employed  in  the  manufacture  of  a  gun,  as  in  the  case  of  our  so- 
called  Woolwich  guns. 
Whichever  mode  we  employ,  the  metal  in  each  ring  should  so  be 

^  PracticaUy,  howerer,  it  has  long  been  a  disputed  point  in  America  as  to  whether 
this  mode  of  casting  gare  in  reality  the  good  effects  supposed.  With  the  naral 
Dahlgren  gun  it  was  not  employed. 
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disposed  as  to  be  in  the  best  position  for  resisting  the  circumferential     CHAP.  II. 
stress  it  will  be  exposed  to  ~"~ 

b»  Longitudinal  Tension. 

In  the  above  considerations  we  have  confined  ourselves  to  the  Longitudinal 
strength  of  the  gun  to  resist  the  circumferential  stress.  Ilus  stress  "tress, 
is  so  much  greater  than  the  longitudinal  stress  to  which  a  piece  of 
ordnance  is  subjected  that  we  need  not  discuss  the  theoretical  con- 
siderations bearing  upon  the  latter.  It  has  been  calculated  that  the 
longitudinal  tension  in  a  gun  of  1  calibre  in  thickness  is  only  ^  of  the 
circumferential  tension. 

As  in  the  case  of  coils  or  tubes  required  to  resist  a  circumferential  Mach  less 
tension,  the  fibre  should  run  round  the  gun ;   so  for  the  purpose  of  J'^*^  circum- 
withstanding  a  longitudinal  tension  the  fibre  should  run  lengthways,  as  ""^t**^- 
it  does  in  the  steel  tubes  of  Woolwich  guns,  and  in  the  solid  forged 
breech-pieces  of  the  Armstrong  rifled  breech-loading  guns.* 

Armstrong  Construction. 

To  Sir  W.  Armstrong  is  due  the  credit  of  first  successfully  employing  Armstrong 
the  principle  of  initial  tensions  for  all  the  parts  of  a  gun.t    He  em-  con»t™otion. 
ployed  wrought  iron  coils  shrunk  one  over  another  in  such  a  manner  Wrought  iron 
that  the  inner  tube  is  placed  in  a  state  of  compression,  and  the  outer  ^^  shrunk 
portions  in  a  state  of  tension ;  the  amount  of  tension  being  so  regulated}  Qther^*^ 
that  each  coil  shoiiid  perform  its  maximum  amount  of  useful  effect  in 
resisting  the  pressure  from  within. 

Further,  he  arranged  the  fibre  in  the  several  portions  so  as  to  be  in  Arrangement 
the  best  position  for  withstanding  the  pressures  by  making  it  run  round  of  tho  fibre, 
the  gun  in  the  coils  for  withstanding  the  circumferenticu  teifeion,  and 
by  placing  a  forged  breech-piece  over  the  powder  chamber,  the  fibre 
in  which  ran  lengthways,  in  order  to  withstand  the  longitudinal  stress. 

In  our  Woolwich  guns,  which  are  an  improvement  on  the  original  Woolwich 
Armstrong  construction,  we  employ  both  the  principles  of  initial  ten-  fS°^  initial 
sions  and  varying  elasticities,  using  a  very  strong  and  elastic  steel  tube,  ^^^^^^ 
with  coils  of  wrought  iron  for  the  outer  portions,  which  are  shrui]^  on  ^fees  cm- 
so  as  to  compress  &e  steel  tube,  while  themselves  in  varying  states  of  plojed. 
tension,  the  outer  coils  having  the  maximum  amount. 

In  our  Palliser  guns  the  wrought  iron  tube  is  permanently  ex-  Palliser  guns, 
tended  by  firing  proof  charges,  and  the  cast  iron  casing  placed  shghtly  varying 
in  a  state  of  tension.  elasticities. 

In  fact  these  two  modes  of  making  each  concentric  layer  of  metal 
afford  the  maximum  useful  effect  are  employed,  either  singly  or  simulta- 
neously, in  all  gun  construction  of  the  present  day. 

The  most  successful  constructions  then  so  far  employed,  and  those  on 
which  the  most  powerful  guns  have  as  yet  been  made,  are  such  as  have 
one  coU  or  tube  built  up  over  another,  in  some  similar  manner  to  diat 


*  The  3-pr.  B.L.  gun  submitted  by  Sir  W.  Armstrong  in  1865,  had  a  steel  barrel, 
but  that  material  was  abandonedi  owing  to  the  difficulty  of  getting  it  of  suitable 
quality  at  that  time. 

t  ^e  first  Sjupp  guns  were  made  firom  solid  blocks  of  steel. 

X  Not  that  it  was  attempted  rigidly  to  carry  out  the  tension  and  compression  of 
the  serml  rings  in  accordance  with  actual  mathematical  calculations,  but  the  layers 
were  put  on  successirely,  with  sufficient  shrinkage  to  ensure  a  certain  amount  of  com- 
pression of  the  inner  poition. 
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[CSAP.  XL  first  practicoUy  introduoed  hy  Sir  W.  AratfitroQg,  and  in  such  a  -w&j 
~—  that  each  outer  coU  compreases  thoee  inside  it,  and  so  su^iports  them 
while  made  weaker  itaelfj  this  may  be  done  by  forcing  ou  the  outer 
tubes  by  hydraulic  pressure,  as  in  the  Whitworth  guns,"  or  by  ex- 
panding them  by  heat,t  dro^^oig  them  over  ibe  inner  layers,  and  then 
allowing  them  to  cool,  when  they  contract  upon  the  paria  inside.  Our 
own  guns  are  built  ia  this  m^,  ae  are  thoae  of  Armstcong,  Etnpp, 
TavaBsenr,  and  others, 
ghrinloge)  Ib  all  these  cases  the  tusids  <&mfiter  of  the  outer  tube,  wbeo  cold^ 

must  be  ratiier  smaller  than  the  outeide  diaoieter  (^  the  inner  tobe ; 
this  differ^tce  in  the  diameter  ia  called  the  "  shruiliage." 

In  the  figure  b^w  the  sliriBkage  ia  the  diffweoce  between  AB  and 
CD,  AB  being  a  little  the  larger. 


While  the  outer  coil  is  cooling  and  eontractdng  it  compresses  the 
inner  one,  and  makes  AB  rather  smaller  than  before ;  the  amoimt  by 
which  the  diameter  AB  is  decreased  is  termed  the  "  compresdon." 

Again,  the  outer  coil  itself  is  stretched  on  account  of  the  resistance  of 
the  inner  one,  and  its  diameter  CD  is  increased  ;  this  increase  in  the 
diameter  of  an  outer  coil  is  called  "  e3t«ision." 

The  shrinkage  is  eou&t  to  compression  plus  the  extension,  and  the 
amoimt  must  be  regulated  by  the  known  extension  and  compression 
under  certEun  stresses  and  given  circumstances. 

The  compression  varies  ravorsely  as  the  density  and  rigidity  of  the 
interior  mass,  the  first  layer  of  coils  will  therefore  undergo  more  com- 
pression than  the  second,  and  the  second  more  than  the  third,  and 
so  on.  Accordingly,  in  the  Armstrong  or  original  construction,  a 
greater  proportion  of  shrinkage  was  ^ven  to  the  inner  layers  than  the 
outer,  because  so  much  of  it  was  absorbed  by  compression.  The 
shrinkage,  however,  never  exceeded  -002  of  the  diameter.  Modi  too 
yn\]  depend  on  the  thickness  and  strength  of  the  coil  to  be  shrunk  on ; 
for  the  heavier  it  is,  the  tighter  will  be  its  grip,  and  the  more  will 
the  inner  parts  be  compresBed  and  supported,  whereas  a  thin  weak  coil, 
if  shrunk  on  the  same  mass,  would  probably  suffer  from  over  extension. 
In  the  guns  of  present  construction  the  heavy  bi»ech  coil  compresses  the 
steel  barrel  to  such  an  extent  that  the  latter  becomes  in  some  instances 
reduced  in  diameter  by  even  as  much  as  -j-t^ths  of  its  original  dimensions 


•  It  U  tmderatood  that  this  mode  lioa  been  abandoned  in  tha  heaviest  'Wlutworlh 
guui,  and  that  shriDbHgo  is  bad  rccouree  to. 

t  500  P.  ia  quite  aiiMoient ;  this  will  allow  a  voicing  tnai^  of  eipansion  beyond 
Iho  amount  calculated,  eo  that  the  iron  need  nerer  be  nieed  to  the  hightempetatun 
at  ^liicb  BcolcB  form. 
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daring  the  process  of  shrinking,*  whilst  one  or  two  cases  have  occurred 
of  the  thin  exterior  coils  in  large  guns  of  the  original  construction 
splitting  during  practice,  thus  indicating  that  they  were  strained  beyond 
their  strength  (see  next  page). 

The  position  of  the  coil  must  be  also  considered.  The  shrinkage 
over  the  seat  of  the  charge  is  greatest  of  all,  as  that  part  of  a  gun 
must  be  the  strongest  and  firmest,  whilst  the  shrinkage  over  the 
muzzle  is  the  least  for  an  opposite  reason. 

The  extension  of  a  coil  when  shrunk  on  moat  in  no  case  exceed  that 
due  to  the  elastic  limit  of  the  material.  In  wrought  iron,  for  example, 
the  elastic  limit  of  bar  iron  is  about  12  tons  per  square  inch  and 
causes  an  extension  of  about  tsV^^^  ^^  ^^  length,t  any  extension 
beyond  this  would  stretch  the  iron  permanently  and  weaken  the  fibre. 
Hence  the  extension  on  no  coil  should  exceed  y^jV^th  of  its  diameter.J 

Add  to  all  the  foregoing  conditions  the  expediency  of  shrinking  on 
the  several  parts  so  that  each  shall  do  its  proportion  of  work  on  the 
discbarge  of  the  piece  (according  to  a  law  not  exactly  known),  and  it 
will  be  seen  that  the  problem  is  a  very  diflScult  one  to  solve  in  practice. 
Indeed  Sir  William  Armstrong,  who  introduced  the  system,  has 
admitted  that  he  did  not  carry  out  his  plan  with  theoretical  precision, 
but  that  the  coils  were  simply  shrunk  together  sufficiently  to  secure 
the  stability  of  the  fabric  and  that  a  small  variation  was  immatenal.§ 
One  primary  object  therefore  was  to  secure  cohesion!  throughout  the 
mass. 

Building  up  of  Service  Ordnance  in  keeping  with  t/ieory. 

We  have  so  far  considered  generally  what  we  laid  down,  p.  19., 
as  the  first  pomt  to  be  treated  of  in  gun  construction,  viz.,  the  absolute 
casting,  construction,  or  building  up  of  the  gun,  looking  upon  the 
latter  as  a  tube  destined  to  withstand  a  certain  strain  from  within. 


CHAP,  IL 


CirctmiBtaDoes 
"which  regu- 
late amount  of 
shrmkoge. 

Tension  of  a 
coil  not  to 
exceed  elastic 
limit  of  the 
material. 


Shrinkage  not 
carried  out 
with  theoreti-' 
cal  precision. 


•  Tablb  showing  Conteaction  by  shrinking  and  Expansion  by  proof,  on  the  bore 

of  a  steel  tube  for  a  lO-inch  B.M.L.  gun,  Mark  I. 


. 

Diameter  of  bore. 

Con- 

After proof. 

Before 
Shrinking 

After 
Shrinkfaig 

traction. 

Diameter 

Expan- 

on Breech 

on  Breech 

of  bore. 

sion. 

Coil. 

Coil. 

inches. 

inches. 

Inch- 

inches. 

inch. 

At    90  inches  from  muzzle         « . 

9-998 

9-998 

9-993 

>.. 

n  lOl       }f                       ,y                . . 

9-998 

9-994 

•004 

9-994 

—— 

»  110       ,1                      ,1                •  • 

9-998 

9-991 

•007 

9-994 

•003 

■  n  llo       »      .                 u                • • 

9-998 

9-988 

•010 

9-99 

•003 

n  122       „                      „ 

9-999 

9*99 

•009 

9  -991 

-001 

n  128       ),                      })                •• 

9-999 

9-991 

.008 

9-991 

Nil. 

11  1«^       II                       n               •• 

9.998 

9*994 

•004 

9-996 

•002 

t  Tlie  amount  of  extension  varies  not  only  on  the  quality  of  the  metal,  but  with 
the  size  and  shape  of  tl)o  specimen  tested.  The  specimens  tested  in  the  Koyal  Qt\m 
Factories'  macliine  are  two  inches  long  and  stretch  from  '003^^  to  -004''  at  tJie  limit 
of  elasticity,  but  from  the  experiments  quoted  by  Mr.  Kirkoldy  ("  Experimeuls  on 
Wrought  Iron  and  Steel,"  p.  CG)  made  from  a  bar  of  iron,  10  feet  long,  and  1  inch 
square,  the  elongation  was  only  iTrATnr*h  of  the  length,  forereiy  ton,  per  square  inch 
of  section  up  to  the  elastic  Umit|  alter  which  it  rapidly  increases  up  to  the  breaking 
tension. 

X  Which  is  the  same  thing  as  saying  that  the  inner  jajer  of  metal  of  the  coil 
should  not  be  stretched  more  tlian  toVv^^  o^  ^^  length. 

§  Report  on  Ordnonce,  1863,  p.  Itia.  "  Construction  of  Artillery,'*  Inst.  Civil 
Engineers,  1860. 
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CHAP.  IL        Let  as  see  how   we  carry  out  in  our  own  service  ordnance  the 
-7^         correct  principles  of  having  a  sufficiently  hard  surface  for  the  bore, 
5!??^!l!?f/l      *°^  ^*^  ®^  disposing  of  the  metal  or  metals  in  the  several  layers,  tiat 
-  T«^  «  ,«      ^^  obtain  as  much  work  as  possible  out  of  our  material,  and  have  at 
the  same  time  a  tube  more  than  strong  enough  to  withstand  the 
greatest  strain  which  it  can  be  called  upon  to  bear. 


the  metal  in 
our  terrioe 
guns. 


Construction 
of  our  B.B.L. 
guns  until 
1867. 

Early  hj^rj 
B.&I.L.  guns. 

Introduction 
of  steel  tubes. 

ForR.B.L., 
1663. 


For  B.M.L.  of 
origiiuil  con- 
struction in 
1867. 


ForaIlB.M.L. 
guu9  in  1868. 


Disadvantages 
of  original 
construction. 

Too  many 
pieces. 

Costly  solid 
forged  breech- 
pieces. 

Liability  to 
split  of  outer 
coils. 


Armstnmg  or  Original  Construction. 

The  Armstrong  construction,  where  the  gun  was  built  up  of  a 
number  of  thin  coils,  and  in  which  solid  forged  breech-pieces  were 
employed,  was  that  upon  which  all  our  R.B.L.  guns  were  made,  and 
also  the  earliest  of  the  heavy  R.M.L.  guns,  vizt,  64-prs.,  7-inch, 
8-inch,  9-inch,  and  12-inch  of  25  tons,  all  of  Mark  I. 

With  this  construction  steel  tubes  had  been  gradually  introduced, 
though  their  employment  was  but  partial ;  thus  in  1863  it  was  approved 
of  that  the  A  tubes  for  all  12-pr.  R.B.L.  guns  should  be  in  future  made 
of  toughened  steel,  and,  aM  will  be  seen  by  the  table  at  p.  143,  a  certain 
number  of  our  service  R.B.L.  guns  have  in  consequence  steel  tubes. 
After  the  introduction  of  E.M.L.  pieces  it  remained  for  some  time  an 
open  question  which  material,  steel  or  coiled  iron,  should  be  used  for 
the  inner  barrel,  and  at  the  end  of  the  year  1867  it  was  proposed  by 
the  O.S.G.  and  approved  of  that  for  the  9-inch  R.M.L.  g^uns  to  be 
manufactured  in  tliat  year,  one  half  of  the  barrels  should  be  of  steel 
and  the  remamder  of  wrought  iron,  whether  the  guns  were  of  the 
service  (original)  construction  or  of  the  Fraser  construction,  which 
was  then  experimentaL 

Steel  when  toughened  in  oil  proved  itself,  however,  a  very  superior 
material  to  wrought  iron  for  the  inner  barrel  of  the  piece,  and  in 
March  1868  it  was  therefore  decided  that  the  inner  tub^  of  all  R.M.L. 
built  up  guns  subsequently  manufactured  should  be  made  of  that  metal, 
so  that  although  some  of  the  early  natures  of  R.M.L.  guns  had 
wrought  iron  tubes,  all  later  patterns  have  barrels  of  steel.  We  shall 
see  further  on  that  the  only  change  since  that  date  has  been  in 
decreasing  the  thickness  of  the  steel  tube  as  compared  with  those 
first  employed. 

Although  this  original  construction  gave  good  results,  it  was  expen- 
sive, both  from  the  quality  of  the  iron  required  and  from  the  number 
of  pieces  to  be  made,  moved  about,  and  put  together.  The  large 
forging  for  the  breech-piece  was  also  very  costly.  P\uiher,  the  thin 
outer  hoops  were  not  always  of  suffident  mass  properly  to  compress  the 
parts  within  them,  and  although  a  series  of  thin  coils  help  us  to  distribute 
the  circumferential  stress  between  the  concentric  layers  of  metal  of  a  gun 
by  shrinking  on  each  coil  separately,  the  method  is  open  to  the  serious 
objection  that  it  is  practically  difficnlt  to  calculate  the  respective  propoi^ 
tionate  amount  of  tension,  and  consequently  the  greater  niunber  of  pieces 
in  a  gun,  within  certain  limits,  the  more  likely  that  some  weakness  will 
exist  in  the  mass  owing  to  the  undue  strain  on  some  of  the  parts ;  for 
instance,  a  13-inch  gun  of  original  construction  (Experimental  No.  300), 
split  some  of  its  outer  coils  while  the  interior  ones  remained  uninjured, 
thus  clearly  proving  that  there  was  too  great  strain  on  the  former. 


Frcuer  Construction. 


Mr.   Fraser,  the  Deputy  Assistant  Superintendent  of   the  R.6.Fw, 

therefore  proposed  in  1865   his  modification  of    the  system.      This 

^^i^fti^"**^'  consists  at   usiog  larger  coils  made  of  thicker  bar?^  and  so  much 


Important 
mudiflcation 


in  1865. 
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Stronger  longitudinally,  that  the  forged  breech-piece  becomes  onneces-     CHAP.  IL 
eary.    The  greater  weight  and  strength  of  these  outer  coils  also  allows  ,^.  ' — : 
compression  to  be  given  more  certainly  to  the  steel  barrel  and  inner  ^  ,    *^, 
coils,  bl^^^ 

In  this  construction,  moreover,  the  trunnion  ring  which  was  merely  «,       .      .' 
shrunk  on  in  the  Armstrong  guns,  and  occasionally  slipped,  is  welded  weldedto'"** 
to  the  breech  coiL  breech  coil. 

This  Fraser  construction  was  partly  adopted  in  Mark  II.  64-prs.,  FartiullY 
7-inch,  8-inch,  9-inch,  and  12-inch,  in  which  guns  the  forged  breech-  adopted  in 
piece  was  retained.    In  all  later  marks  of  these  guns  introduced  into  1^^- 
the  service  since  1869  no  forged  breech-piece  is  used.  Wholly  in 

The  following  short  accoxmt  of  the  trials  of  strength  of  the  "  cheap"  ^®^- 
or  "  Fraser"  construction  may  be  interesting.  Colonel,  now  General, 
Campbell,  who  as  Supermtendent  R.G.F.,  had  spent  much  time  and 
labour  in  inquiries  into  the  question,  reported  officially  in  1864  that  it 
was  quite  possible  to  reduce  the  expense  hitherto  incurred  in  the  con- 
struction of  wrought  iron  guns,  by  the  employment  of  steel  barrels, 
with  external  coils  reduced  in  numbers,  and  forged  from  iron  of  a 
cheap  quality,*  and  subsequently  he  submitted  tracings  of  two  9-inch 
iron  guns  on  this  plan,  one  with  a  steel  barrel  and  one  with  a  wrought 
iron  barrel ;  but  both  had  breech-pieces,  and  the  D  and  C  coils  were 
not  hooked  together.  The  tracings  were  approved  in  October  1864, 
and  he  was  directed  to  manufacture  the  guns  accordingly. 

They  were  tested  in  1865,  and  from  the  result  of  the  previous  trials,  First  trial  of 
the  Ordnance  Select  Committee  reported  t  that  the  guns  of  cheap  con-  9-inch  gum  on 
struction  were  not  inferior  in  strength  to  those  on  the  more  expensive  ^  S"i^' 
mode;  but  recommended  further  trials  with  9-inch  guns  including 
those  on  a  newer  plan  without  forged  breech-pieces,  which  Mr.  Fraser, 
from  the  experience  recently  gained,  was  led  to  submit 

In  the  meantime  the  naval  authorities  were  anxious  to  obtain  cheap  64-pr.  J?  and 
64-prs.  and  two  "  Fraser  "  guns  were  tested  to  destruction,  to  ascertain  P  SJ'^*  teaUa 
whether  either  pattern  would  answer.    One  (Expl.  No.  320)  was  known  ^^  ®  ™**^' 
as  the  B  pattern  (see  Mark  II.,  Plate  YX  the  other  (Expl.  No.  817)  as 
the  D  (see  Mark  III.,  Plate  Y.).     These  experimental  guns  fired 
each  2,000  service  rounds  (charge  8  lbs.),  and  abnormal  charges  being 
subsequently  used,  the  B  gun  burst  into  38  pieces,  after  a  total 
number  of .  2,270  rounds,  and  the  D  gun  after  2,211  rounds  blew  out 
its  inner  barrel,  leaving  the  breech  portion  on  its  carriage,  and  still 

80und4  A^     • 

The  great  strength  of  the  cheap  construction,  as  displayed  by  these  n.  |^ 
64-prs.,  combined  with  its  apparent  success  in  the  9-mch  guns  under  ^^l  sei^" 
trial,   induced   the   Ordnance   Select   Committee    to  recommend  in  construction, 
December  1866  that  half  the  guns  for  1867  -8  should  be  on  the  Fraser  1866. 
method,    and    it    was    subsequently    approved    by  War  Office  and 
Admiralty,  that  all  the  guns  estimated  for  that  year  should  be  on  this 
plan. 

During  the  years  1867-8  many  of  the  cheap  guns  had  been  proved 
and  issued  for  service,  the  majority  being  on  the  pattern  of  Expl. 
No.  330 — t.e.,  with  a  steel  tube,  and  remforced  with  a  triple  breech 
coil  (Mark  III.,  Plate  XIII.). 

Of  the  9-inch  guns  alone  about  100  had  passed  proof,  and  the  sound-  Bursting  of  a 
ness  of  the  system  of  construction  was  generally  recognised,  but  on  ^""^ch  gun 
the  25th  of  September,  1868,  a  9-inch  gun  of  that  pattern  burst  at  the  ^  ^^ 
first  round  of  proof.    This  was  no  doubt  due  to  a  defective  tube  and 


*  Extracts  from  "Prooeedin|SB  of  Ordnance  Select  Committeei"  toL  ii,  p.  230. 
t  Ibid.,  voL  iv.,  p.  192. 
t  Ibid.,  ToL  iv,  p.  856. 
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OHAP.  n. 

Finihl  trial  of 
0-inoh  gems 
in  1869. 


Thin  steel 
tnbee  for 
heaTj  guns 
in  1869. 


Steel,  why 
used  for  our 
gun  barrels. 


Woolwich 
guns. 


Oonyerted 
guns. 


Why  wrought 
iron  barrels 
are  used  with 
these. 


to  the  very  heavy  proof  charges  n«ed,  53}  lbs.  R.L.G.  powder,  which 
cansed  an  abnormal  pressure.* 

Further  trials  with  two  cheap  9-inch  guns  were  therefore  recom* 
mended  and  approved.  No.  832,  with  a  steel  tube  two  inches  thick, 
and  reinforced  with  two  double  coils,  survived  the  ordeal.  No.  368, 
with  a  steel  tube  three  inches  thick,  and  reinforced  with  one  massive 
triple  coil,  did  not,  it  is  true,  complete  the  test,  but  it  refused  to  yield 
although  its  tube  was  Split  at  the  1,008th  round. 

The  result  was  deemed  most  satisfactory,  not  only  because  the  steel 
tube  failed  gradually,  but  because  the  great  strength  of  the  outer 
fabric — the  point  at  issue — ^was  proved  beyond  all  doubt  by  the  gun 
actually  firing  41  rounds  after  the  tube  was  split  through,  and  yet 
remaining  sound  exteriorly.  (For  detidls  see  Ordnance  Select  Com* 
mittee's  Proceedings,  1869.)  • 

In  fact  both  guns  behaved  so  exceedingly  well  mider  trial  that  the 
authorities  were  left  in  the  dilemma  of  not  knowing  which  pattern 
to  choose.  They,  however,  decided  on  constructing  7-^lnch  and  S-inch 
guns  as  before,  on  the  No.  368  type,  but  to  make  9-inch  guns  and 
upwards  on  the  No.  882  type.f 

In  1869  an  alteration  took  place  in  the  manufacture  for  9-inch  guns 
and  upwards,  a  thinner  steel  tube  being  used,  and  two  coils  on  the 
breech  (see  Marks  IV.  and  V.,  Plate  Xllf.)  instead  of  one  triple  coil. 
The  higher  natures  are  made  in  the  same  way,  but  have  a  ^  belt''  in 
addition.| 

We  thus,  step  by  step,  arrived  at  our  present  construction  of  a 
Woolwich  gun  where  we  not  only  make  each  portion  of  the  metal  do 
its  j^oper  amount  of  work  by  shrinking  one  coil  over  another,  but  also 
use  a  tube  of  stronger  material,  steel,  for  the  inner  barrel.  We  employ 
this  latter  not  only  because  we  gain  by  it  longitudinal  strength,  but 
more  especially  because  steel  gives  us  a  hard  smooth  surface,  is 
much  stronger  than  wrouprht  iron,  and  free  from  flaws.  Its  elastic 
limit  is  sJso  much  neater  tnan  that  of  wrought  iron,  especially  when 
toughened  in  oil  ^s  30  tons  to  12  tons),  so  that  it  can  stand  without 
deformation  a  pressure  which  would  permanently  stretch  a  wrought 
iron  barrel. 

In  our  heavy  R.M.L.  guns,  we  thus  make  use  of  the  several  methods 
employed  to  make  every  portion  of  the  metal  do  its  proper  amount  of 
work.  In  '^this  way  we  avoid,  as  far  as  possible,  extra  weight,  and 
succeed  in  making  guns  so  strong  that  we  may  assert  without  fear  of 
contradiction  that  in  the  Sfystem  of  construction  now  pursued  by  us,* 
though  theoretically  it  may  not  be  perfect,  we  have  the  safest,  cheapest, 
and  most  simple  system  of  maniffacturing  heavy  ordnance  whicn  at 
present  exists. 

Our  converted  Palliser  guns  are  in  theory  and  practice  compara- 
tively weak,  for  the  cast  iron  exterior  is  too  weak,  and  the  material 
(wrought  iron)  used  for  the  inner  barrel,  though  strong  to  resist 
rupture,  is  too  soft  and  inelastic,  and  also  liable  to  flaws.  Still  as  an 
economical  mode  of  using  up  old  S.B.  guns,  and  for  ordnance  not  meant 
to  fire  large  charges,  it  answers  tolerably  well.    We  cannot  expect  such 

*  To  prevent,  howerer,  a  similar  ocourrenoe,  steel  tubes  for  heavy  guns  aie  laxfw 
subjected,  after  toughening,  to  a  water  pressure  on  the  interior  of  Tibout  4  tons  per 
square  inch,  which  is  suffident,  it  is  thought,  to  detect  any  latent  cradcs.  Any  gun 
that  has  stood  the  proof  may  safely  be  relied  on  as  free  from  these  dangerous 
defects. 

t  This  pattern  costs  about  the  same  as  the  other,  the  ettra  expense  of  making  two 
breech  coils  being  compensated  for  by  the  lighter  steel  barrel. 

X  See  extracts  fromjProceedings  of  the  Ordnance  Select  Committee  for  1864-^. 
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JttCtoes  t6  be  powerful  guns,  btft  "they  will  at  any  rate  be  much  mwe     CHAP.  IT. 
ormidable  than  the  S.B.  guns  from  which  they  are  made*.  — *- 

2.  Breech-^loading  and  Muzzle-loading, 

We  come  now  to  the  second  point  to  be  considered  by  the  gun  con- 
stractor. 

The  gun  tube  having  been  constracted,  should  l3)e  piece  be  a  muzzle 
loader  or  a  breech-loader,f  and  if  the  latter,  which  of  the  many 
W'^stems  proposed  or  in  use  fofr  closing  the  breech  should  be  em- 
ployed. 

The  question  of  B.L.  V.  M.L.  is  one  of  great  complexity,  but  it  Question  of 
hinges  broadly  i^n  the  value  to  be  assigned  to  the  advantages  ^•^'  ^-  ^•^• 
peculiar  to  6.L.  guns,  as  against  the  simplicity  in  which  M.L.  guns  are 
necessarily  so  superior. 

Further,  the  qualities  required  iu  the  several  cases  of  field  guns, 
siege  ordnance,  and  heavy  guns,  are  in  many  ways  so  different  that 
each  case  should  be  taken  separately  if  we  wish  to  arrive  at  satis- 
factory conclusions.  It  may  indeed  be  advisable  under  some  circum- 
stances to  employ  B.L.  guns,  and  under  others  M,L.  guns. 

The  principal  advantages  usually  claimed  for  B.L.  guns  arc-*  Some  advan- 

I.  Reduced  size  of  embrasure.  ^**s^  claimed 

•2.  Less  exposure  of  men,  ^^  "^•^' 

3.  Greater  rapidity  of  fire. 

4.  Increased  length  of  gun. 

5.  Greater  power  and  accuracy  of  gun. 

6.  Superior  durability. 

7.  Facilities  for  examining  the  bore. 

8.  Use  of  a  large  chamber,  and  consequent  short  cartridge. 

As  to  (1)  it  applies  only  to  heavy  goneK;  and  with  the  muzzle  pivoting  Reduced  size 
system  now  in  use  for  M.L.  guns,  much  value  can  hardly  be  given  to  it.  of  embrasure. 
Thus  with  our  88-ton  guns  behind  iron  diields,  the  embrasures  are  not 
more  tha^  3'  2"  by  2'  9"  in  some  cases. 

In  siege  works  of  the  future  it  is  presumed  that  embrasures  will  not 
be,  as  a  rule,  employed.. 

(2.)  With  field  guns  in  the  open,  M.L,  or  B.L.  would  be  on  a  par  as 
to  eiqx>sure  of  gunners,  but  when  cover,  such  as  hedges,  gun  pits,  &c., 
is  made  use  of,  B.L.  might  have  slight  advantages. 

In  the  case  of  siege  ordnance,  the  advantage  mi^ht  m  this  respect  Less  exposure 
be  still  more  apparent,  although  we  require  carelully  conducted  ex-  of  gunners, 
periments  to  make  the  matter  cei:tam.  it  must  not  be  forgotten  that 
while  serviQg  M.L.  guns,  where  no  embrasure  exists,  the  men  are  more 
immediately  under  cover  of  the  parapet  than  when  B.L.  guns  are  used, 
and  ti[iat  both  with  B.L.  and  M.L.  sieg«  and  field  pieces  an  amount  of 
recoil  will  take  place,  which  must  give  ample  space  for  loading  M.L. 
guns. 

Regarding  heavy  guns  behind  embrasures,  the  B.L.  has  apparently 
some  advantage,  but  meclwmcal  methods  of  loadiug  now  being  tried 
with  M.L.  appear  to  promise  so  well,  that  here  also  this  advantage 
would  be  considerably  lessened  for  L.S.,  while  for  S.S.,  when  guns  are 
mounted  in  turrets,  where  mechanical  loading  can-  readily  be  applied, 
che  M.L.  system  is  undoubtedly  the  best.    In  this  latter  case  especially 


•  Vide  Table  IX,  Chapter  IV.,  p.  94. 

t  It  cannot  be  too  often  repeated  that,  save  indirectly,  the  oonstruotion  of  a  gun 
both  as  to  its  material  and  building  up,  it  is  quite  separate  from  the  qusstion  of  B.L. 
or  M.L. 
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Facflit J  of 
loading  and 
rapidity  of 
fire. 


Length  of  time 
to  load  hoary 
Krupp  B.L. 
guns. 


Numerous 

precautions 

necefsarj. 


the  disadvantage  of  the  turret  bein^  fiUed  with  smoke  on  opening  the 
breech  for  loading,  would  be'  mucn  felt ;  nor  must  this  disadvantage 
be  lost  sight  of  if  guns  are  mounted  in  casemates  or  in  a  broadside 
armament. 

(3.)  As  to  facility  of  loading  and  rapiditv  of  fire  frequent  experi- 
ments with  field,  siege,  and  &avy  pieces  nave  shown  that  if  any- 
thing, M.L.  guns  have  the  advantage  (vide  p.  75,  as  to  comparison  of 
M.L.  and  Krupp  field  guns).  An  interesting  trial  was  made  in  1878, 
between  two  Id-pr.  field  guns  built  up  in  precisely  a  similar  manner, 
and  of  the  same  weight  and  dimensions,  (me  of  these  pieces  was  an 
M.L.  gun,  and  the  other  a  B.L.  with  B.L.  apparatus  on  the  French 
system  with  the  improvements  introduced  at  Eiswick. 

The  projectiles  fired  were  of  the  same  weight  and  dimensions,  and 
the  M.y.'s  obtained  were  equal,  and  as  to  facility  and  rapidity  of 
loading  there  was  practically  no  diCference.  the  M.L.  having  perhaps  a 
slight  advantage  if  any  worth  mention  existed. 

As  to  heavy  guns,  we  may  well  auote  here  from  Colonel  Reilly's 
valuable  report.*  This  officer  had  tne  advantage  of  seeing  German 
heavy  guns  tested  as  to  their  carriages,  ftcc.,  in  the  presence  of  a 
select  committee  of  Oerman  officers,  the  guns  being  28,  26, 17,  and 
15  onLf  The  breech  arrangements,  he  says,  for  all  the  pieces  con- 
sisted of  Erupp's  latest  improvements,:^  &nd  goes  on  to  report  :— 

^  The  result  of  this  day's  practice  was  to  my  mind  a  complete  answer 
to  the  first  argument  in  favour  of  B.L.  guns,  viz.,  the  facility  of  loading 
and  firing ;  the  guns  were  worked  by  well-instructed  men,  who  are 
continuously  employed  in  the  establishment;  we  therefore  saw  the 
breech  loading  tried  under  the  most  favourable  circumstances.  The 
operation  of  loading  appeared  to  be  laborious,  complicated,  and,  if  not 
carefully  performed,  dangerous  to  the  gun,  and  I  should  conceive  con- 
sequently much  slower  than  that  of  loading  a  M.L.  gun ;  whilst  not- 
withstanding the  care  bestowed  upon  the  closing  of  the  breech,  an 
aHcape  of  gas  was  at  times  observable.  But  as  my  experience  is 
limited  to  one  day's  fire,  it  will  be  well  to  quote  the  opinion  of  an 
officerj  given  in  a  report  otherwise  favourable  to  Mr.  Krupp."  He 
says: 

^^  Knipp's  cylindro-prismatical  wedge  with  Broadwell  ring,  the  best 
breech  apparatus  known  up  to  the  present  time,  requires  for  its  manu- 
facture uncommon  mechanical  appliances,  and  great  technical  skill. 

"  Before  every  part  of  it  is  ri^ht  and  works  well  enough  for  service, 
a  great  deal  of  time  and  trouble  is  required,  and  very  little  is  enough 
to  disable  it,  intentionally  or  involuntarily,  for  present  use.  The 
wedge,  the  ring,  the  gas  escape  plate  of  one  breech-piece  and  gun, 
cannot  at  once  be  used  with  another  gun.  so  that  only  under  certain 
suppositions,  would  it  be  of  any  use  to  take  duplicates  of  these  and 
other  parte  of  the  breech  apparatus  for  the  purpose  of  serving  several 
guns  in  common. 

•*  Some  of  the  parts,  especially  the  Broadwell  ring,  are  subject  to  the 


•  Not»8  of  a  Visit  to  BerUn,  1872,  by  CoL  Eeilly,  C.B.,  E.A.,  Assistant-Director  of 
Artillery. 

t  Corresponding  pretty  nearly  to  our  11, 10,  7,  and  6*8  inch  guns. 

t  "  It  consists  of  a  single  steel  block  which  runs  in  a  slot  cut  transreraely  through 
the  breech  of  the  gun ;  to  facilitate  the  morements  of  the  breech-pieoe,  which  is  of 
considerable  weight,  a  roller  bar  is  let  into  its  upper  edge,  which  niOTes  on  rollers 
fixed  in  the  upper  part  of  the  slot. 

§  Lt.rCol.  de  Wuheelmi,  of  the  Imperial  Boyal  Austrian  Marine  Ordnance  Corps. 
ArchiT  fdr  Seeweam,  March  and  May,  1868. 
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weakness  of  losing  immediately,  by  rough  handling,  those  properties     CHAP.  II. 
without  which  they  do  not  act.  —^ 

"  To  keep  the  breech-piece  in  order  in  such  a  way  that  it  may  at  all 
times  be  used  without  any  delay,  renders  compulsory  many  precautions 
in  the  daily  cleaning,  especially  as  regards  p(^hin^  and  preserving, 
and  demands,  at  least  on  the  part  of  the  captain  of  the  gun,  the  know- 
ledge of  bow  to  put  the  apparatus  together. 

^*'  On  board  ship,  more  tnan  anywhere  else,  on  account  of  the  damp, 
it  is  difficult  to  prevent  the  rusting  of  the  surfaces  which  are  to  be  kept 
bright,  and  uninterrupted  attention  must  be  paid  to  the  gun  from  this 
cause  alone,  but  where  there  is  a  great  deal  of  scouring  there  is  a  great 
deal  of  wear. 

^'  In  the  event  of  the  Broadwell  ring  not  closing  the  breech  particu- 
larly well,  both  the  ring  and  the  plate  must  be  wiped  clean  after  every 
shot,  which  is  not  easy  to  do  wnen  the  wedge  is  in  the  position  for 
loading,  and  can  therefore  only  be  done  imperfectly.  In  such  case  it 
will  be  more  frequently  necessary  to  bring  out  the  wedge  to  the  end 
of  the  groove,  but  this  will  involve  a  loss  of  time,  which  time  may 
possibly  be  invaluable. 

'^  Although  only  three  movements  are  necessary  to  open  and  as 
many  to  close,  the  possibility  i&  not  excluded  of  one  of  these  move- 
ments being  forgotten  in  the  heat  of  battle.*  If  this  oversight 
occurred  in  closing — ^we  mean  an  omission  in  pushing  to  the  loclang 
bolt — ^the  breech  would  not  be  closed,  on  discharge  the  gas  would 
rush  violently  out,  the  respective  surfaces  would  be  so  fouled  that 
they  would  require  a  thorough  cleaning  and,  which  would  be  the  worst 
part  of  the  matter,  this  oversight  might  possibly  lead  to  the  breech- 
piece  being  blown  out,  which  would  be  equivalent  to  putting  the  gun 
hors  de  combat.** 

It  appears  therefore  that  in  facility  of  loading,  and  consequent 
rapidity  of  fire,  the  advantage  lies  with  the  muzzle-loading  system  also 
in  the  case  of  heavy  guns. 

The  above  extracts  refer,  it  must  be  remembered,  to  one  of  the  most 
improved  B.L.  apparatus  used. 

We  have  no  data  to  go  upon  as  to  rapidity  of  fire  with  heavy  B.L.  Bapidity  of 
guns,  but  abundant  information  is  at  hand  to  show  with  what  facility  *"• 
our  own  RJVLL.  guns  can  be  loaded  and  fired.     To  give  a  few  instances  : 
In  1875  seven  det€w;Iiments  of  Garrison  Artillery  competed  at  Shoe-  N^odateMto 
buryness  with  10-indi  18-ton  gims.     They  fired  85  rounds  with  the  ^^ 
results  shown : — 

Rapid  fire  of 
our  B.M.L. 
10-inch  gun. 


Number  of 

HIto. 

Mean 
error 

in 
range. 

Mean  time  per 
round. 

Detachmenti. 

Bounds 
find. 

Dlncfe. 

Bicociiet. 

Total 

per 

round. 

Loading 
only. 

Loading, 

laying 

and  firing. 

Seyen  .. 

86 

7 

6 

0-37 

Tardi. 
30 

Mini. 

I'lr 

Mins. 
1'45" 

The  targets  were  9  ft.  x  9  ft.  placed  at  ranges  of  1,200  and  1,600 
yards  alternately.*  The  day  was  unfavourable,  there  being  a  strong 
and  variable  wind  across  the  range,  while  a  heavy  rain-storm  just 
before  the  practice  rendered  everything  wet  and  slippery. 


(c.o.) 


*  The  difltanoeB  were  aotuallj  measured. 
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R.M.L. 

88-ton  gun 
practice. 


It  will  however  be  seen  that  under  these  disadvantages  one  shot  out 
of  every  three  hit  a  small  target  at  the  distance  of  about  a  mile  and 
^  of  a  mile  respectively.  The  shooting,  we  are  told,  was  very  fair  as 
to  line,  all  the  shot  being  close  to  the  targets. 

Again  in  July  1876,  experimental  practice  was  carried  out,  under 
service  conditions,  with  a  12*5-inch  88-ton  gun  mounted  in  a  casemate 
at  Shoeburyness,  100  rounds  were  fired  at  ranges  from  1,000  to  3,000 
yards  at  targets  9  feet  square,  with  charges  of  130  lbs.  of  powder  and 
800  lbs.  projectiles,  at  the  average  rate  of  one  round  in  less  than  two 
and  a  half  minutes,  the  precision  of  fire  being  excellent ;  no  two  con- 
secutive rounds  were  fired  at  the  same  target. 


Number  of 
Bounds  flred. 

Total  number 
ofmta. 

Number  per 
Bound. 

to  loud  Mud  flm. 

100 

27 

0'27 

HlnB.              Sees, 
a                9i 

Practice  with 
OUT  heayy 
guns  at  sea. 


It  must  be  remembered  that  the  men  were  unused  to  the  gun,  and 
that  we  have  not  yet  quite  perfected  the  mechanical  means  by  which 
the  loading  and  firing  of  our  heavy  guns  will  soon  be  very  mucn  facili- 
tated both  on  land  and  sea. 

At  sea  with  all  the  drawbacks  due  to  the  rolling  of  the  ship,  &c,  we 
find  that  in  1876  prize  firing  throughout  the  fleet  gave  the  following 
results : — 


Nature  of 
Gun. 


No.  of 
Guns. 


Ateruge  time 
of  flring 
8  rounde< 


Arenge  time 
per  round. 


Avertge  {Nrittti 
per  round.* 


Bem&rke. 


»i 


12  inch,  35  tons 
12    „    25 

9 

8 

7 
64  pr. 


>» 

it 


tt 


4 

4 

67 

31 

120 

174 


n.  S« 

14  24 

15  17 
9  47 
8  27 
8  21 
8  8 


1 
1 
1 
1 
1 
1 


S. 

48 

66 

18 

8 

3 

1 


8  12 

8  81 

7  76 

7  48 

6  20 

6  62 


Ixomts 


During  the  R.A.  prize  firing  in  1876  at  Shoeburyness,  the  best 

detachment  fired  five  rounds  at  the  rate  of  1*2  mins.  a  round  and  struck 

a  target  9'  x  9'  at  a  distance  of  1,200  yards,  tliree  times  or  at  the  rate 

of  0*6  hits  per  round. 

Increased  ("^0  As  to  increased  length  of  gun ;  with  field  pieces,  M.L.  guns  can 

length  of  gun .  claim  this  advantage  rather  than  B.L.  in  which  a  certain  extra  length 

behind  the  charge  is  required  for  the  B.L.  apparatus.  In  the  matter  of 
siege  ordnance  meant  to  be  employed  undercover,  B.L.  pieces  may 
have  the  best  of  the  matter  in  this  respect,  except  in  the  case  of  the 
short  rifled  mortar  or  howitzer  now  everywhere  adopted  as  a  part  of  a 
siege  train. 

With  heavy  guns,  except  when  mounted  in  turrets,  B.L.  pieces  have 
no  doubt  in  many  cases  an  advantage  in  this  important  point. 


*  For  system  of  awarding  points,  see  p.  187  of  Qwaxuaj  Marnial  for  H.H.  Fleet. 
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(5*)  As  to  power  and  accuracy  of  fire,  we  have  lately  been  told  (vide     OHAP.  II. 

notef,  p.  76)  that  we  bad  ui  the  case  of  M.L.  field  giins  reached  a  limit         . 

of  power  beyond  which  we  could  not  go,  but  this  statement  was  ^o™?™*^*'^® 
apparently  made  under  the  supposition  that  it  was  not  possible  with  P**^®'  ^  6^^* 
M.L.  guns  to  make  the  powder  chamber  of  different  calibre  from  the 
rest  of  the  bore,  a  supposition  which  experiment  and  practice  have 
shown  to  be  mistaken.* 

It  has  been  further  urged  that  with  B.L.  guns,  windage,  and  so  loss  Ko  windage 
of  power  could  be  auite  prevented  by  the  forcing  of  copper  rings,  lead  with  B.L. 
coating,  &c.  through  a  bore  smaller  liian  the  powder  chamber,  by  which 
also  greater  accuracy  of  fire  could  be  ensured  from  the  better  centring 
of  the  projectile. 

The  use  of  expanding  wads  or  cups  attached  beforehand  or  upon 
discharge  to  the  base  of  the  projectile  has  proved  quite  feasible  with 
M.L.  guns,  and  is  now  largelv  employed,  by  their  means  windage  can 
be  completely  stopped,  and  the  advantages  claimed  for  B.Ij.  be  par- 
ticipated in  by  M.L.  guns.f 

In  the  case  of  an  enlarged  chamber,  it  is  more  easy  to  avoid  the  use 
of  an  excessively  long  cartridge  in  B.L.  guns,  so  that  they  have  in  this 
respect  a  theoretical  advantage  not  to  be  despised. 

As  to  accuracy  of  fire,  it  seems  generally  supposed  that  B.L.  guns  are  Aoooracy  of 
more  accurate  than  M.L.  guns,  apparently  because  it  has  so  often  been  ^^* 
so  asserted.  There  may  formerly  have  been  grounds  for  this,  for  in 
B.L.  gunsj  from  Uie  very  nature  of  things,  the  shot  was  always  stopped 
at  the  same  point  in  l^e  bore,  while  a  chamber  was  left  in  rear  oi  its 
base  of  a  constant  capacity  in  which  the  charge  was  burnt.  This  no 
doubt  tended  to  produce  a  more  regular  M.V.  than  when  no  such 
definite  chamber  existed  in  M.L.  guns,  from  the  shot  being  rammed 
not  always  to  exactly  the  same  place.  As  already  explained,  how- 
ever, these  advantages  no  longer  exist  of  necessity  in  the  case  of  M.L. 
guns.  We  have  not  many  recent  facts  to  go  upon  in  the  case  of  heavy 
B,h.  guns,  but  the  following  example  gives  us  good  reason  to  suppose 
that  in  accuracy  of  6re  our  M.L.  guns  are  on  a  par,  if  not  superior,  to 
any  R.B.L.  yet  manufactured. 

In  1872  60  rounds  at  various  elevations  were  fired  at  Shoeburyness 
from  a  40-pr.  B.L.  and  a  40-pr.  M.L.  gun  for  comparison,  service 
charges  bemg  employed.  As  to  accuracy  there  was  very  little 
difference,  m  reduced  deflection  they  were  almost  equal,  in  some 
cases  the  M.L.  and  in  others  the  B.L.  being  more  accurate.  In  mean 
difference  of  range  the  B.L.  had  a  slight  advantage  at  most  ranges, 
but  at  two  of  the  elevations  used  the  M.L.  proved  the  better  of  the 
two. 

The  fire  of  our  M.L.  field  guns  as  exemplified  during  the  Dartmoor 
eji^perim^its  of  1875  was  very  accurate  and  proved  that  up  to  ranges 
of  4,000  yards  it  would  be  d££cult  for  troops  to  advance  under  their 
fire. 

The  following  practice  carried  on  at  Shoeburynesa  in  1878  gives  us  Aeanncj  of 
a  good  idea  of  the  accuracy  of  the  12*2  polygrooved  88-ton  gun,  ro-  om  heavy 
tating  gas  checks  being  used : —  S^uis. 

— ——' ■  ■-  —    — •   — -    ~  —    -   '    --.--  —  ^ —  — ,...~    ^-    .---■-     -  —      -        .-■ 

*  The  increased  size  of  the  powder  chamber  is  a  source  of  weakness  in  the  case  of 
B.L.  guns,  an  exoessire  pressure  being  given  to  the  most  vidnerable  part  of  the  gun, 
but  with  M.L.  this  is  not  the  case.  Not  long  ago,  indeed,  during  the  trial  of  a  S.L. 
steel  gun  fitted  with  B.L.  apparatus  similiur  to  that  of  Krupp,  the  gun  failed  through 
the  blowing  out  of  the  gas  check  ring,  the  breech  block  being  forced  back,  haying 
preyiouslj  indented  the  oomparatiyelj  soft  steel  of  the  rear  face  of  the  breech  slot. 

t  Any  system  of  B.L.  sutm  as  Krupp's,  where  a  soft  coated  projectile  is  employed, 
entails  also  a  serious  loss  of  penetratiye  power  with  heavy  guns. 

(CO.)  »  2 
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We  have  already  given  other  remarkable  instances  of  the  accuracy 
of  our  heavy  R.M.L.  guns  when  fired  against  time,  as  in  prize  firing. 
Looking  at  these  we  can  hardly  credit  the  assertion  that  light  or  heavy 
BX.  guns  surpass  very  much  in  accuracy  our  own  M.L.  pieces. 

(6.)  Durability. — ^This  point  hardly  affects  the  question  of  siege  or 
field  guns,  for  our  smaller  field  guns  can  fire  a  very  great  number  of 
charges  with  scarcely  any  perceptible  damage.  With  heavy  guns, 
however,  the  case  was  formerly  different,  the  erosion  of  the  bore,  due 
to  windage,  and  to  the  rush  of  heated  gas  between  the  projectile  and 
surface  of  the  bore,  was  an  undoubted  defect 

By  the  use  of  expanding  wads  or  gas  checks,  as  mentioned  above, 
this  defect  may  be  considered  as  done  away  with.*  Our  knowledge  as 
to  the  endurance  of  very  heavy  B.L.  guns  is  very  small,  and  it  is  not 
improbable  that  facts  may  show  it  to  be  less  than  that  of  our  heavy 
M.L.  pieces,  now  that  the  latter  can  be  fired  with  gas  checks. 

(7.)  As  to  facilities  for  examining  the  bore— The  complete  examina- 
tion of  a  M.L.  steel  lined  gun  is  so  simple  an  operation,  that  little  value 
can  be  attached  to  the  slight  advantage  B.L.  guns  have  over  M.L.  in 
this  respect. 

(8.)  As  regards  (8.),  see  p.  S8. 

Advantages  of  M,L,  Ouns* 

We  see  then  that  although  the  question  of  M.L.  and  B.L.  generally, 
IS  one  on  which  opinions  may  fairlv  differ,  the  advantages  claimed  on 
one  side  or  the  other  are  nicely  balanced,  and  that  for  some  uses  they 
incline  slightly  more  towards  B.L.  than  in  others.  There  is,  however, 
one  point  where  M.L.  has  a  most  evident  and  undeniable  advantage,  an 
advantage  of  more  especial  importance  in  the  case  of  field  guns,  and 
that  is  in  simplicity  of  gun  equipment  and  stores. 

It  was  principally  on  account  of  this  advantage  that  we  abandoned 
R.B.L.  guns,  and  so  far  we  have  not  seen  such  marked  superiority  in 
anv  B.L.  system,  either  proposed  or  in  use,  as  would  lead  us  to  sacrifice 
this  simplicity  in  the  case  of  field  guns,  even  when  the  balance  seemed 
for  some  reasons  to  incline  in  favour  of  B.L. 

However  excellent  a  B.L.  system  may  be,  B.L.  ordnance  must  have 
several  parts,  each  and  all  of  which  are  liable  to  derangement,  and 
which  must  be  carefully  looked  to  and  repaired.  This  necessitates 
carrying  into  the  field,  spare  parts  and  complicated  stores,  as  well  as 
great  care  in  the  handling  and  service  of  the  gun.  The  ammunition 
also  becomes  more  complex,  and  it  is  necessary  to  carry  some  sort  of 
lubricant  to  ensure  proper  working. 

In  the  equipment  of  an  artillery  like  our  own,  where  guns,  ammuni- 
tion, and  stores  must  be  interchangeable  for  and  be  used  in  such 
various  climates  as  those  of  our  widely  spread  colonies,  and  in  our 
Indian  Empire,  as  well  as  for  home  service,  simplicity  is  of  even  greater 
importance  than  in  the  case  of  purely  Continental  Powers,  and  unless 


*  Thus  a  lO-inch  II.M.L.  gun  lately  fired  385  rounds  of  battering  charges  with 
projectiles  using  gas  check  ;  on  examination  hardly  a  sign  of  wear  was  to  be  seen. 

The  80-ton  gun  has  now  (March,  1877),  fired  94  rounds  (since  boring  up  to  IS-inch 
calibre),  with  projectiles  of  1,700  lbs.  and  370  lbs.  of  powder,  and  shows  no  percep- 
tible erosion,  though  the  chaiges  used  were  so  enormous. 
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considerable  improvements  are  made  in  B.L.  apparatus,  it  does  not  seem     CHAP.  IT. 

very  likely  that  we  shall  adopt  this  system  of  loading  for  any  natiure  of         

ordnance,  instead  of  that  which  gives  us  such  strength,  security  and 
simplicity,  combined  with  accuracy  and  rapidity  of  fire  in  our  MX.  gun, 
which  latter  are'  further  rapidly  improving  in  all  these  qualities,  as 
progress  is  made  in  the  manufacture  of  our  powder,  and  in  that  of  our 
projectiles  and  their  adjuncts. 

3,  Length  ofBwe^  Ccdihre^  Chamber^  ^c,  • 

In  regard  to  calibre,  length  of  bore,  and  dimensions  of  chamber,  these  Ca^i^fOf 
points  are  all  comparative,  and  as  their  values  vary  often  in  an  inverse  l!^^J^ber* 
ratio,  they  have  all  to  be  considered,  and  their  relative  advantages 
carefully  balanced  in  each  particular  case,  as  to  the  best  mode  of  con- 
suming the  powder  charge  before  and  after  the  vis  inertia  of  the 
projectile  is  overcome,  and  with  heavy  charges  as  to  the  development 
of  abnormal  pressures,  should  the  cartridge  be  too  long,  then  agttin  as 
to  the  best  weight  and  length  of  a  projectile.  In  regard  to  the  distance 
at  which  we  want  the  projectile  to  act,  a  large  calibre  will  generally 
give  a  greater  velocity  at  short,  and  a  lower  velocity  at  long  ranges 
than  a  small  calibre ;  while  the  former  again  is  favourable  to  large 
shell  charges.  Here  we  must  also  be  guided  by  the  purpose  for  which 
the  gun  is  intended,  whether  field,  siege,  or  garrison,  and  by  other 
extraneous  considerations,  such  as  weight,  strength  of  carriage  to  with- 
stand the  recoil,  Ac.  So  that  both  powder,  projectile,  and  carriage, 
must  be  thought  of  as  well  as  the  gun  itself. 

Practically,  most  constructors  have  arrived  at  nearly  the  same  con- 
clusion with  regard  to  these  points ;  and  we  find  that  our  own  service 
guns,  and  those  of  Erupp,  though  of  totally  different  materials  and 
construction,  have  about  the  same  calibre  and  length.* 

As  to  the  length  of  bore,  it  is  perhaps  best  considered  as  giving  Length  of 
space  for  so  many  expansions  of  the  powder  charge ;  the  rate  of  bum-  bore, 
ing  of  tile  powder  of  course  affects  the  question  of  length  very  much, 
as  with  a  slow  burning  powder,  it  is  advisable  to  use  a  longer  bore 
than  with  quick  burning  powder,  the  tendency  in  these  days  is,  there- 
fore, to  lengthen  the  gun,  and  our  later  pieces  have  greater  length  of 
bore  than  the  earlier  guns. 

The  diagrams  at  toe  end  of  the  book  show  how  rapidly  the  addi-  Useful  effectB 
tional  useful  effect  per  pound  of  powder  falls  off,  for  each  additional  of  powder, 
expansion  of  cartridge,  t.«.,  for  each  increment  of  length  of  bore  after 
a  certain  length  is  reached. 

The  data  from  which  it  is  made  out  are  taken  from  a  valuable  work 
recentlyt  published,  and  it  refers  to  the  service  powders  used  by  us.  - 

As  to  chambers^  by  which  are  here  meant  powder  chambers  of  ChftmberB. 
larger  diameter  than  the  rest  of  the  bore,  B.L.  guns  have  always  been  ^  j^  cham- 
fumished  with  these,  and  one  of  the  advantages  before  mentioned  \^t^ 
claimed  for  B.L.  was  the  possibility  of  having  such  a  ohamber,§  which 
allowed  of  a  larger  charge  of  powder  being  usefully  consumed;  in 

I  I  ■  I    !■-!      II  ■  I  X  -        ■  -  '"*  -  I  I  

*  The  latter  guns,  of  more  recent  date  than  our  own,  and  made  sulwequent  to  the 
introduction  of  slower  burning  powders,  are  somewhat  longer. 

t  Besearches  on  fired  .Qompowder,  by  Gapt.  A.  Noble,  F.R.S.,  and  Professor  Abel, 
F.B.S.,  L.S.P.C.S. 

X  Enlarged  chambers  were  originally  adopted  aa  a  necessity  for  B.B.L.  guns,  using 
lead  coated  projectiles. 

§  The  conical  or  cylindrical  chambers  of  less  size  than  a  similar  length  of  bore 
winch  are  used  with  8.B.  pieces,  and  in  some  of  our  B.M.L.  guns  were  for  quite 
other  purposes,  aa  explained  at  p.  174. 
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these  guns,  however,  the  chamber  was  also  a  source  of  weakness,  for 
the  gastight  joint  closing  the  breech  end  of  the  bore  has  always  been 
difficult  to  secure,  and  this  difiSculty  naturally  increased  with  the  size 
of  the  joint,  and  so,  for  any  given  calibre  of  bore,  with  the  size  of  the 
powder  chamber,  unless  an  expanding  cartridge  is  employed. 

^^  Air-spactng," 

The  tendency  at  present  is  to  use  very  large  charges  of  slow  burn- 
ing powder,  in  order  to  obtain  power  without  straining  the  gun  too 
much.  However  slow  burning  the  powder  may  be,  we  soon  reach  a 
limit  of  charge,  which  gives  an  excessive  pressure,  if  the  charge  be 
rammed  tightly  up,  so  as  to  fill  the  whole  of  the  chamber  in  rear  of 
the  base  of  the  shot.*  By  so  arranging  that  the  charge  of  powder 
does  not  fill  the  whole  of  the  chamber,  or  in  other  words,  by  leaving 
what  is  technically  termed  an  air  space  in  the  (Camber,  it  has  been 
found  that  the  limit  of  charge  first  mentioned  can  be  much  exceeded, 
the  chamber  being  of  course  at  the  same  time  enlarged  in  capacity. 

Supposing  for  instance  that  a  charge  of  3^  lbs.  in  a  chamber  of  110^ 
cubic  inches  capacity  gives  a  M.Y.  of  1590  f.s.  with  the  maximum 
pressure  allowed  in  a  13-pr.  gun.  This  gives  clearly  a  space  of  34 
cubic  inches  per  lb.  of  powder  in  the  chamber. 

If  we  now  increase  the  charge  to  3^  lbs.  and  at  the  same  time  en- 
large the  chamber,  so  as  to  give  a  greater  space  per  lb.  than  before , 
i.e.  36  cubic  inches  instead  of  34  cubic  inches,  we  find  that  we  do  not 
exceed  the  maximum  pressure,  although  using  a  larger  charge.  This 
larger  charge,  as  might  be  expected,  gives  us  an  increase  of  M.V., 
though  not  in  the  same  ratio  as  the  increase  of  charge  itself.  This 
fact  is  due  to  the  decreased  density  of  the  charge  in  the  chamber,  as  we 
do  not  get  the  same  amount  of  work  per  lb.  of  powdei:,  though  gaining 
on  the  whole  by  thus  increasing  the  charge,  and  at  the  same  time  the 
air  space  per  lb.  Of  course  a  second  limit  is  soon  reached  where  the 
increased  space  occupied  by  the  larger  powder  charge  deducts  so  much 
for  the  total  capacity  (or  number  of  expansions)  of  the  charge  in  the 
bore,  would  more  than  make  up  for  the  increase  of  charge.! 

We  may  plainly  give  the  increased  air  space  when  using  a  given 
increased  charge  in  two  difEerent  ways,  either  by,  (a)  keeping  the 
length  of  the  powder  chamber  the  same  as  before,  and  enlarging  its 
diameter,  the  given  increased  charge  being  of  the  same  diameter  as 
the  original  smaller  one  to  allow  of  loading^  or  (b)  by  simply  increasing 
the  length  of  the  chamber,  (a)  When  rammed  home,  the  charge  will 
not  completely  go  into  the  chamber  unless  some  means  of  expanding  the 
cartridge  is  available.  Such  means  have  been  tried,  but  lead  to  so  much 
complication  in  M.L.  guns,  that  it  seems  likely  they  will  be  abandoned. 
At  the  same  time  as  explained  below,  the  advantage  of  getting  the 
powder  into  a  comparatively  short  length,  is  of  such  utility,  that  the 
system  of  a  powder  chamber  of  much  greater  calibre  than  the  bore 
of  the  gun  cannot  be  abandoned  without  regret.  (6)  We  can  also  give 
the  increased  air  space  for  a  given  increased  charge,  by  making  the 
powder  chamber  longer,  so  as  to  be  of  the  length,  or  nearly  so,  of 
the  increased  charge  when  loaded,  and  by  increasing  the  diameter  of 
the  chamber  only  to  a  slight  degree.  In  this  case  we  require  no 
device  for  expanding  the  charge  when  loaded,  but  we  have  the  disad- 
vantage of  the  charge  occupying  a  considerable  length  in  the  bore. 

—^—^-~^-~^^-  •  -  — ^-^^-^^^ 

*  This  space  it  should  alwaja  be  remembered  is  the  powdor  chamber  proper. 

t  For  further  information  on  thi^  theory  of  the  subject,  ride  *^  Principles  of  Bifled 
Ordnance,"  bj  Captain  Sladen,  B.A. 

{  In  a  M.L.  gun  oniv.  m  a  B.L.  gun  thif  neod  not  be  the  caie ;  and  on  this 
point  therefore,  B.JLi.  guns  tiaye  an  undoubted  advantage. 
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This  is  a  disadvantage  when  carried  to  a  certain  point,  for  abnormal 
pressure*  are  found  to  be  set  up  when  the  cartridge  to  be  loaded  is  of 
an  excessive  length. 

Hence,  from  the  reasons  given  (a)  and  (6)  we  now  make  the  enlarged 
chamber  of  the  new  pieces,  in  woich  such  chambers  are  employed, 
slightly  larger  in  diameter  than  the  calibre  of  the  gun. 

Thus,  in  the  80-ton  ^un  the  chamber  is  18  inches  in  diameter,  and 
the  bore  16  inches,  m  the  experimental  13-pr.  gun  the  chamber  is 
d"-15  in  diameter  and  the  bore  3  inches. 

The  proper  air  space  to  be  given  in  the  chamber  in  relation  to  the 
calibre  and  length,  depends  very  much  upon  the  nature  of  powder 
employed,  and  we  have  not  sufficient  data  as  yet,  to  lay  down  the  law 
very  definitely  upon  the  subject. 

4.  System  of  BiJUng. 

We  now  come  to  quite  another  consideration,  viz. : — ^What  system 
of  rifling  should  be  adopted  t 

The  object  of  any  such  system  is  to  give  the  necessary  amount  of  Object  of  any 
rotation  or  spin  to  the  projectile  with  a  minimum  pressure  on  the  bore  Bystem  of 
of  the  piece  upon  the  grooves,  and  on  the  studs,  ribs,  soft  coating  or  "^°8- 
otherwise  of  the  projectile  itself;  the  required  result  should  also  be    * 
obtained  by  the  most  simple  means,  and  with  the  least  possible  loss  of 
power. 

The  angular  velocityf  imparted  must  be  sufficient  to  keep  the  pro-  Necessary 
jectile  point  first  and  steady,  until  it  arrives  at  the  maximum  range  anffnlar 
required;    as  yet  we  have  none  but  experimental  data  at  hand  for  ▼elocity. 
determining  wnat  the  amount  of  this  angular  velocity  should  be.     It 

*  The  tendency  to  such  abnormal  presBure,  however,  seemB  to  decrease  as  the  air 
space  per  lb.  of  powder  is  increased. 

Regarding  chambering  M.L.  guns,  interesting  experiments  were  arranged  and 
carried  out  in  1878,  in  the  Boyal  Ghin  Factories,  by  Lieut.-Colonel  Maitland,  then 
Assist.  Snpt.  B.  Q-.  F.,  under  General  Campbell's  direction,  with  a  lO-inch  gan  of 

18  Ions  and  a  9-pr.  field  gun. 

The  lO-inch  was  first  chambered  to  a  diameter  of  11  inches  for  a  length   of 

19  inches,  and  with  service  charges  the  velocity  as  well  as  the  pressure  was  rather 
less  than  in  the  unchambered  gun  ;  tbe  chamber  was  then  enlarged  to  a  calibre  of 
about  12  inches ;  the  service  charge  of  75  lbs.  gave  a  still  less  pressure  than  before, 
and  slightly  less  velocity  than  in  uie  unchambered  gun ;  with  an  increased  charge  of 
85  lbs.  of  powder,  however,  a  less  maximum  pressure  was  given  than  in  the  un- 
chambered gun  with  the  service  char^,  while  the  velocity  was  increased  by  75  f  .s. 

It  was  alM>  observed  that  no  partially  unconsumed  pebbles  were  blown  out  as  the 
case  with  the  service  gun,  and  that  a  large  and  bnlliant  flash  was  given  at  the 
muEsle^  showing  apparently,  that  through  tbe  employment  of  the  chamber,  this 
larger  charge  of  powder  was  more  completely  consumed,  than  a  smaller  charge  in  the 
imchambei^  gun. 

To  continue,  however,  as  to  the  R.  Q-.  F.  experiments  of  1873.  With  the  9-pr.  of  8" 
calibre,  chambers  of  various  capacities  ^  were  emplojed,  and  also  different  lengths  of 
bore :  the  maximum  increase  of  M.Y.  by  increasing  the  length  by  8  calibres,  and 
using  a  chai^  of  2i  lbs.,  which  was  found  to  be  the  largest  charge  that  could  be 
advantageously  used  in  such  a  calibre,  was  about  100  f.s.,  but  when  a  chamber  of 
8'''8  diameter  was  employed  with  a  charge  of  8  lbs.  8  ozs.,  an  of  increase  of  210  f.s. 
velocity  was  gained  with  a  9  lb.  shot,  and  using  the  increased  length  and  chamber 
together,  a  total  increase  was  observed  of  852  f.B.  velocity  over  the  service  gun. 

t  The  "angular  velocity"  must  not  be  confused  with  the  "linear  velocity  of 
xotation  "  which  is  the  lineal  velocity  of  any  point  in  a  rotating  mass,  but  usually 
applied  to  a  point  on  the  surface,  while  the  ^rmer  is  the  rate  at  which  every  particle 
of  the  rigid  rotating  body  moves  through  a  given  angle. 


'  Bronze  chambers  of  various  capacities  being  introduced  for  the  breech  end,  and 
secured  in  position  by  means  df  a  strong  screw  in  rear. 
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depends  much  upon  the  fonn,  weight  and  distribution  of  the  mass  of 
the  projectile  itself.* 

The  necessary  velocity  of  rotation  is  given  by  means  of  the  twist  of 
the  rifling,  combined  with  the  velocity  of  translation  at  the  muzzle ; 
this  will  be  evident  when  we  consider  what  is  meant  by  the  twist  of 
rifling.  By  twist  is  meant  the  amount  of  inclination  of  the  groove,  the 
angular  inclination  shown  when  we  develop  the  grooves  on  a  plane,  as 
shown  in  fig.  below. 


Angle  of 
rifling. 


IJnifonn  op 

increasing 

twist. 


Thus,  if  AB  represents  the  distance  a  shot  would  have  to  travel  along 
the  bore,  or  in  contiauation  of  the  same,  with  a  given  twist  or  inclina- 
tion of  groove,  while  it  made  one  complete  revolution  round  its  own 
axis,  and  BC  at  right  ajigles  to  it,  represent  the  space  passed  through 
by  any  point  of  the  surtace  of  the  projectile  during  the  time  of  its 
making  this  complete  revolution,  then  AG  will  represent  the  length  of 
spiral  due  to  such  twist,  and  would  show  the  length  of  a  groove  in  the 
case  of  a  gun  long  enough  to  allow  of  the  projectile  making  a  complete 
turn  in  the  bore. 

BC  equals  in  length  the  circumference  of  the  projectile  =  2  «r  r  = 
IT  d  lid  he  the  calibre  or  diameter  of  projectile^  while  AB  =  n  J  if  n  be 
the  number  of  calibres  in  which  a  complete  turn  is  made. 

The  angle  GAB  =  0^  is  usucdly  termed  the  angle  of  rifling. 

Now,  tea  d  =%=-,=- 

AB     nd     n 

For  example,  take  the  7-inch  gun,  whose  spiral  is  one  turn  in  35  cali- 
bres, then 

tan  ^  =  ^,  =  -0897 ;     .-.  ^=6°  8'  nearly. 

t>0 

Did  we  require  the  actual  amount  of  twist  x  in  the  bore,  it  is  easily 
obtained  from  the  proportion 

AB  :  BG  ::  /  :  a:,t 

I  being  the  length  of  the  rifled  part  of  the  gun ;  and  we  can  form  a 
good  idea  of  the  course  of  the  groove  along  the  bore,  by  supposing  the 
position  which  the  hue  AG  would  assume  were  the  above  figure  wrapped 
round  a  cylinder  equal  to  AB  in  length,  and  BG  in  circumference. 

The  twist  may  be  either  uniform  or  increasing ;  in  the  former  case  the 
inclination  of  the  groove  is  always  the  same  as  shown  by  the  plain  line 
in  fig.  above ;  in  the  latter  the  inclination  increases,  and  a  groove  of  such 
rifling,  would,  when  laid  out,  be  some  such  curved  line  as  shown  by  the 
line  AC. 

The  form  of  this  carve  may  correspond  to  the  locus  of  any  suitable 


*  The  best  length  of  prajectiles  is  from  about  2i  to  3  calibres,  including  the  ogiyal 
head.  With  this  form  of  projectile  it  has  been  ascertained  bj  experiments  tluit  a 
twist  of  about  one  turn  in  35  calibres  (•^)  gires  the  best  results,  and  that  any 
material  deviation  from  this  amount  in  large  guns  tends  to  render  the  projectile  moro 
or  less  unsteady  in  its  flight. 

t  This  is  not  the  case  with  the  increasing  twist,  where  at  the  muzzle  AB  : — : :  hx, 

BO  that  the  grooyes  show  only  half  the  amount  of  twist  shown  in  the  uniform  rifling, 
which  gives  the  same  amount  of  angular  velocity  at  the  muzzle. 
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equ^fttion;  we  ourselves  generally  use  a  parabolic  curve  where  the 
equation  is  a^^^py^  and  in  which  the  increments  of  inclination  are 
uniform — *Vide  fig.  below. 


CHAP.  IL 


-«o 


Whether  the  twist  be  uniform  or  increasing  the  angular  velocity  of 
the  projectile  on  leaving  the  muzzle  will  depend  upon  the  angle  of 
rifling  at  that  point,  and  upon  the  MV  of  translation. 
Let  a  =  the  angle  whicn  the  rifling  makes  at  the  muzzle  with  the 
axis  of  the  piece. 
tSi  =  angular  velocity  of  shot  c^t  muzzle. 
d  =  calibre  of  shot. 
V  =  muzzle  velocity. 

Then  ^  in  the  linear  velocity  of  rotation  of  a  point  on  the  surface 

of  the  proj^tile  at  the  muzzle. 

. .   . ,  ,        linear  velocity  of  rotation       M     w  d     w 

At  the  muzzle :    r— ,- — -^ p--^ =  csw^  — ^  =  - 

velocity  uf  translation         2\      n  d     n  .  ^^ 

if  we  suppose  the  rifling  at  the  muzzle  to  be  mining  one  turn  m  n  velSSty  ex- 
calibres,  preswdm 

,  cW w  V  terms  of  y  and 

••"§  ^  length  of 


(a) 


And  27 


\nd) 


2irt 


twist. 


This  value  of  the  angular  velocity  (0')  being  true,  whether  the  twist 
is  uniform,  or  increasing  according  to  any  law  whatever. 

We  see  then,  that  the  angular  velocity  given  depends  upon  ndov  the 
length  of  twist,  and  upon  V  the  muzzle  velocity  of  translation,  and  that 
by  altering  either  of  these  variables  we  can  change  the  rate  of  rotation 
of  the  projectile. 

For  this  reason,  with  similar  projectiles  when  the  muzzle  velocity  is 
low,  a  much  sharper  twist  must  be  given,  e,g, — In  our  8-mch  M.L.  guns 

*  In  the  80-ton  gun,  howerer,  the  curve  used  is  the  semicubical  purabola,  the 

equation  to  which  is  :p*  «  I'.y. 

t  Here  2  x  denotes  the  ratio  of  the  ciroumferenoe  to  the  radius  of  a  circle,  so  that 
if  ^  is  the  diameter  of  a  projectile,  then  w  d  is  the  circumference. 

d  IT  V 

Now  at  the  muzzle  —  «^  "■  —     ib  the  linear  Telocity  of  rotation. 

2  • 

Therefore  the  numher  of  turns  per  second  made  hy  the  shot  as  it  leaTes  the 

gun, 

wV 

linear  velocity  of  rotation  ^ — ^V^ 

circumference  of  shot         — -,    nd 

w  d 

Thus  with  the  lO-inoh  R.M.L.,  where 

MY  -  1864£s. 

«  -  40 

d  *  l^feet. 
12 

1864  X  12 
The  d«*  on  l«Ting  the  «u«le  i.  mOing— ^5-j^-«t  t««.  p«  «ooBd. 
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tJHAP.  n.    where  the  muzzle  velodty  is  1,400  f.8.,  the  twist  fonnd  suJBSdent  is 

1  in.  40  calibres  at  the  miuzle;  while  with  the  8*inch  Howitzer,  having 

a  low  muzzle  velocity,  of  say  550  f.8.,  a  twist  of  1  in  16  calibres  is 
required. 
Centring  of  Not  only  must  the  system  of  rifling  adopted  give  sufficient  velocity  of 

the  projectile,    rotation  to  ensure  stability  of  flight,  but  the  projectile  should  also  be  as 

far  as  possible  centred  as  it  leaves  the  gun,  t.^.,  it  should  be  rotating 

round  its  longest  axis,  and  that  axis  should  be  coincident  with  the  line 

of  flight ;  as  we  shall  see  further  on,  various  modes  of  obtaining  such 

centring  have  been  tried,  certain  form  of  groove,  &c.  being  employed. 

Loading  and         The  two  sides  of  a  groove  are  termed  the  loading  and  driving  side, 

driring  tide      meaning  respectively  the  sides  against  which  the  projecting  parts  of 

o  grooye,         ^|^^  projectile  bear,  in  passing  up  or  m  coming  out  along  the  bore.    In 

order  to  centre  a  shot  better,  the  latter  is  sometimes  inclined  at  a 

smaller  angle  than  the  loading  side,  so  as  to  allow  the  studs,  &a  to  run 

up  it,  and  the  shot  so  to  be  centred. 

^Mnre  upra      Important  points  to  be  considered  with  regard  to  a  system  of  rifling 

m^TM  ^^  *"®  pressures  due  to  rifling  upon  the  studs  or  other  projecting  parts, 

*^     *  by  means  of  which  the  projectile  is  rotated  in  the  bore,  upon  the  grooves 

in  the  gun  itself,  and  upon  the  walls  of  the  bore. 

We  can  determine  the  amount  of  these  pressures  exactly  by  a  little 
„  ^       calculation,  if  we  know  the  pressure  developed  upon  discharge  in  the 

fg^l^^^'^^*       gun,  as  the  former  always  bears  a  definite  relation  to  the  latter.    With 

a  uniform  twist,  the  total  pressure  on  the  studs  or  ribs,  and  so  on  the 

grooves  of  the  gun,  is  a  constant  fraction  of  the  pressure  on  the  base  of 

the  shot,  the  value  of  the  fraction  depending  on  the  angle  of  the  rifling.* 

^^"'^'•J"*^  It  is  evident  that  with  the  uniform  rifling  there  is  a  great  pressure 

nnifbim  twiit    **  ^^^  vii>on  the  groovesf  or  studs,  whidi  rapidly  decreases  towards  the 

*  For  taking  equation  (a),  p.  41,  and  differentiating  both  sides  we  haye — 

(b)    —  *"  —  .  -r-s  where  I  is  the  distance  trayelled  in  time  t,  also  if  v  be  the 
dfi    nd    di^ 

angular  yelooitj. 

^  '    at      dfi      fid  dfi      ndH^  ^'         5<>     Jf    d^^ 

Also,  looking  i^t  the  projectile  as  a  cylinder  of  mass  Jf  and  radius-^  where  p  is 

the  prassore  pvodnoing  rotation,  and  P  the  pressure  on  the  base  of  the  shot  producing 
tmnskition,  which  is  less  than  the  absolute  pressure  by  about  \\  per  cent,  [taking 
friction  at  1  per  cent.,  and  the  part  of  f  absorbed  in  direction  of  bore  as  pxx)portionate 
to  tan-angle  of  rifling  or  ^  of  j?  =  i  per  cent,  of  Pj  total  \\  per  centj,  and  K 
being  the  r»dhis  of  gyration,  we  haye — 

(2)     5F«)-'f^*^""• 
And  from  eolation  (8)  and  (c)  aboT»^ 

Where  j?  is  a  conatant  fraction  of  P,  the  pressure  on  the  base  of  the  projectile  pro* 
ducing  translation,  the  yalue  of  which  depends  on  »,  or  what  is  the  same  thing  upon 
the  angle  of  rifling. 

Supposing  »  B  40,  that  is,  that  the  twist  of  rifling  is  one  turn  in  40  calibres. 

Then  (6)  f^-^z  P*  ^'  ^^®  pressure  on  the  studs  is  4  per  cent,  of  that  on  the  base 
of  the  projectile. 

t  This  IB  borne  out  practically  by  the  greater  wear  which  is  found  to  occur  in 
guns  rifled  with  the  uniform  twist,  in  that  part  of  the  grooye  near  the  bottom  of  the 
bore.  The  Russians  in  their  experimental  field  gun  (yide  Table,  p.  98)  are  using  an 
increasing  twist,  as  do  the  French  alee  in  their  heayy  guns,  as  well  aa  in  their  new 
field  gun,  wad  for  the  reaaona  giyen  in  t)i«  text. 


GUN  CONSTRUCTION  GENERALLY.  43 

muzele ;  this  is  owing  to  the  fact  that  the  angle  of  rifling  ie  the  same     CHAP.  II. 
throQgiiont,  while  the  acceleration,  as  shown  by  the  increments  of 
Telocity  is  much  the  greatest  to  begin  with,  and  f  dls  away  very  quickly 
as  the  shot  moves  through  the  bore. 

With  an  increasing  twist,  however,  the  case  is  different,  for  here  Fressare  with 
the  angle  of  rifling,  which  is  nothing,  or  very  small  when  the  shot  an  increating 
starts,  increases  rapidly,  so  that  if  using  the  former  nomenclature j?  =   twiat, 
CP^  the  value  of  C  increases  rapidly,  while  that  of  P  decreases,  and  we 
have  a  much  lower  maximum  pressure  on  the  studs,  but  at  the  same 
time,  a  more  uniform  pressure,  so  that,  for  example,  in  the  casQ  of  two- 
10-inch  guns,  with  a  twist  of  1  in  40  at  the  muzsle,  the  one  rifled  with  AdTantafie*  of 
a  uniform,  and  the  other  with  increasing  twist.    We  see  that  while  the  th©  inCTwuring 
maximum  pressure  in  the  one  case  is  C8  tons,  coming  down  to  9  tons  at  twist. 
the  muzzle,  in  the  other,  where  the  increasing  twist  is  used,  the  maxi- 
mum pressure  is  reduced  to  one  half,  being  only  86  tons,  while  the 
pressure  is  very  uniform  throughout. 

It  has  been  found  that  the  substitution  of  increasing  for  uniform 
rifling  in  the  Woolwich  guns,  decreases  the  pressure  on  the  studs  by 
about,  on^half^  a  matter  of  much  importance. 

In  order  to  give  rotation  to  a  projectile,  the  pressure  on  the  bore  of 
the  gun  must  be  increased,  for  not  only  has  the  inertia  of  the  shot  to 
be  overcome  as  to  translation,  but  also  as  to  rotation. 

With  guns  rifled  like  our  own  this  increment  of  pressure,  however, 
as  proved  by  Captain  Noble,  late  R.A.,*  is  an  exceedingly  small  one, 
though  small  as  it  is,  he  says  that  ^^  it  is  still  less  in  the  parabolic  than 
in  the  uniform  system  of  rifling."  f 

His  conclusions  are  borne  out  by  the  experiments  of  the  Explosive 
Commiltee,  who  found  no  sensible  differences  of  pressure  in  the  10-inch 
gun  fired  in  the  rifled  and  in  the  unrifled  state. 

It  is  clear  that  we  may  obtain  a  suflicient  amount  of  rotation  in  the 
projectile,  by  the  use  of  any  one  of  the  numerous  systems  of  rifling 
which  have  been  at  various  times  proposed,  artd  then  we  must  choose 
that  particular  system  which  will  give  the  rotation  with  least  damage 
to  bore  of  gun  and  projectile. 

In  1863,  at  the  time  of  introducing  M.L.  guns  into  the  s^:^ce, 
exhaustive  trials  were  carried  out  with  various  systems  of  rifling 
brought  forward  by  inventors,  as  well  as  by  the  official  department.^ 

On  the  whole,  the  Woolwich  system  suited  for  stnddied  projectfles 
bore  away  the  palm  and  was  adopted. 

Of  late  years,  the  introduction  of  gas  checks,  led  to  the  attempt  to  Modern  polj- 
rotate  the  projectile  by  means  of  a  metal  base  attached  to  the  shot  and  grooye  syitem 
expanding  into  a  number  of  shallow  grooves.      This  system  §   has  apd  introdiw 
given  such  good  results,  that  it  has  already  been  adopted  in  several  *j?*^^  *** 
new  natures  of  ordnance,  and  bids  fair  in  the  future  to  supersede  the      ^   ' 
system  of  a  few  deep  grooves  and  studs  (the  Woolwich  system)  in 
future  manufacture. 

Form  of  Grooves. 

Begarding  the  actual  grooves  in  a  rifled  gun,  their  size,  shape,  and  Tha  gxoofM. 
number,  must  depend  upon  the  system  of  rifling  employed,  the  simpler 

•  Vide  paper  by  Capt.  A.  Noble  (late  R.A.),  F.B.S.,  PhiloBophioal  Magazine, 
March,  1873. 

t  In  France  this  parabolic  carve  has  been  adopted  for  all  hoary  guns,  on  account 
of  the  smaller  maximum  pressure  on  the  studs. 

t  For  detailed  descriptions  of  trials  of  these  fystema,  see  note  at  end  of  chapter, 
p.  52. 

§  By  no  means  new. 
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CHAP.  IL     the  form  and  the  lees  sharp  the  angles,  the  less  will  the  groove  as  a 

rule  suffer,  and  the  less  liable  is  the  barrel  to  be  split  along  the  angle 

of  the  grooves.  The  strength  of  the  gun  tube  is  less  affected  by  a 
number  of  shallow  grooves  than  by  a  few  deep  grooves,  and  the 
ffroores  pre-  tendency  now  is  to  employ  the  former,  which  is  evidently  the  best 
onw    ^      ^  adapted  for  use  with  projectile  having  a  soft  coating  or  exterior  rings, 

or  an  expanding  base  cup  or  wad  to  be  cut  into  by  the  lands  and  forced 
through  the  bore. 
The  ffrooTet  of  With  our  service  B.L.  guns,  in  which  lead-coated  projectiles  are 
our  B.L.  goDB.  forced  through  the  bore,  we  have  a  great  number  of  grooves  and 
narrow  lands,  so  that  the  lead  coating  is  easily  cut  through.  On 
account  of  the  number  of  grooves  these  guns  are  said  to  have  poly- 
groove  rifling,  the  form  of  the  groove  is  very  simple  as  shown  below^ 


Sbctiov  op  Binjiro  (ftiUoM). 

The  noorefl  ^^th  the  service  M.L.  guns  using  studded  projectiles  we  employ  five 

of  omM.h.     different  forms  of  grooves  as  below. 

guns.  (1.)  The  ^^  ahunt  '^  which  is  used  with  64-pr.  built  up  guns,  Marks  I, 

Shunt  groore.    II,  and  III  which  have  not  been  retubed,  and  which  have  wrought  iron 

barrels. 

Plait  ov  lif xtzzls  ssownra  "  Shuht  "  Gboovbs.    Sctle  8  iui  i«  1  foot. 
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CHAP.  II. 


The  peculiarity  in  this  system  of  rifling  is  that  the  depth  and  width 
of  the  grooves  varies  at  different  parts,  the  object  aimeid  at  being  to  "  Shunt*' 
provide  a  deep  groove  for  the  studs  of  the  projectile  to  travel  down  ■jstom. 
when  the  gun  is  being  loaded,  and  a  shallow  groove  through  which  they  pjain  groore. 
must  pass  when  the  gun  is  fired,  so  that  the  projectile  may  be  gripped 
and  perfectly  centred  on  leaving  the  muzzle.    This  system  was  aban- 
doned as  being  complicated  and  liable  to  damage  projectile  and  gun. 

Plain  Gsooyi.    Scale  ^th. 

(2.)  The  ^^  plain  groove/'* — ^This  is  really  the 
narrow  deep  portion  of  the  shunt  groove. 

It  is  emploved  with  all  64:-prs.,  except  those 
of  Marks  I.  II.  and  III.  built  up  guns,  having 
wrought  iron  barrels  and  shunt  grooves,  and 
which  have  not  yet  been  retubed,  so  that  they 
can  all  use  the  ammunition  employed  with  the 
shunt  rifled  pieces. 

This  groove  gives  very  good  results  as  to 
shooting.  It  will  be  seen  that  the  bottom  of  the 
groove  is  concentric  with  the  bottom  of  the  bore. 

(8.)  The  so-called  "  Woolwich "  groove  is  shown  in  diagram  beloW)  Woolmch 
ana  is  used  with  all  guns  above  the  64-pr.,  as  well  as  with  the  80-pr.  8«>^^®' 
converted  gun,  8-inch  howitzer,  40-pr.,  and  25-pr.  guns.   The  dimensions 
differ  slightly  for  the  different  pieces,  as  will  be  seen  in  Table  at  p.  291. 

Woolwich  0boovb.    Scale,  full  eixe. 


(4.)  The  "  French  modified,'*  with  16-prs.  and  9-prs.  R.MX.  guns,  as  French  modi- 
shown  in  diagram  below : —  fi«d  groove. 

SsonoN  op  Gbooyb.    Scale,  full  size. 

/ 


I.  / 


V   *-?  r? — ^^iT — 1 


I 


S^N 


-.-i-s  >. 


Ax. 


*  This  flTOore  Taries  in  width  and  depth  according  to  the  nature  of  gati. 
Tide  p.  291. 
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CHAP.  n.         The  driving  edge  of  the  groove  forms  an  angle  of  70*"  with  the 

normal  to  the  surface  of  the  bore,  and  the  loading  side  is  at  right 

angles  to  the  driving  side. 

The  width  is  0"-8  at  top,  and  the  depth  0"-ll ;  the  bottom  of  the 
groove  being  eccentric  to  the  bore,  and  the  comers  rounded  off. 

The  smaller  incline  on  the  driving  side  is  given  in  order  that  the 
studs  m^y  run  up  the  incline,  and  thus  be  gripped  and  the  projectile 
centred :  'the  bottom  of  the  grooves  are  eccentric  with  the  bottom  of 
Frrach  the  bore,  so  as  to  assist  in  tins  centering  action. 

grooTc.  (5.)  The  "  French^"  with    7-pr.  'K.M.L.  guns,  as  shown  in  diagram 

below: — 


This  rifling  differs  from  the  modified  French  system  (used  in  the 
9-pr.  and  16-pr.)  in  not  having  the  comers  rounded  and  in  the  curve  of 
the  bottom  or  the  groove  being  described  concentric  to  the  bore.  The 
grooves  are  0"'6  wide  at  the  bottom  and  0"-l  deep.* 

Modem  Polygroove* 
18-PB.  B.M.Li  (StJTK,  8  owv.    Sicnoir  ov  Gboovb.    Fall  Sue. 


This  form  of  groove  is  used  in  conjunction  with  the  driving  gas 
check. 

In  the  13-pr.  it  is  0"-6  in  width  and  0"-05  in  depth,  the  bottom  is 
concentric  with  the  bore  and  the  edges  are  rounded. 

In  the  6"-3  Howitzer  the  groove  is  0"*5  in  width  and  0"'l  in  depth. 

The  lands  in  these  pieces  are  equal  in  width  to  the  grooves. 

So  far  this  nature  of  groove  has  only  been  introduced  for  the  two 
pieces  given  above,  and  the  two  experimental  Howitzers,  8"  and  6"*6, 
but  its  use  will  be  extended  to  80-ton  guns  and  other  new  pieces. 

Mode  of  Stopping  the  Projectile. 

With  reference  to  the  explanation  given  at  p.  88,  as  to  the  necessity 
of  having  a  constant  space  in  rear  of  the  projectUe,  or  in  other  words 
a  powder  chamber  of  constant  proportions,  it  is  evident  that  the  pro- 
jectile must  always  be  stopped  at  the  same  point  in  the  bore  by  some 
mechanical  contrivance,  otherwise  when  different  charges  are  employed 
or  when  the  projectile  is  rammed  home  with  varying  strength  we 
should  have  tne  charge  burnt  with  varying  air  space  per  pound  of 
powder. 


*  With  thlB  nature  of  groove,  and  also  with  the  plain  groore,  the  width  ia  measured 
at  the  bottom,  the  angles  being  zonaded  off  in  all  other  grooret  the  width  at  bottom 
cannot  be  accurately  meiaured. 
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Two  modes  are  employed : —  CHAP.  n. 

1.  Making  use  of  the  termination  of  the  grooves  themselves  in  

conjunction  with  the  studs  on  the  shot,  or  the  ribs  on  the  gas  check. 

This  mode  is  employed  in  the  case  of  the  40-pr.  siege  gun,  the  8-inch 
and  6'3  inch  service  Howitzers,  and  the  two  new  Experimental  Rifled 
Howitzers.  With  these  latter  pieces,  the  j^termination  of  the  grooves 
is  made  venr  abrupt  by  doing  away  with  the  slope  at  the  end  of  the 
grooves  as  far  as  possible. 

No  doubt  the  use  of  this  expedient  will  be  furthei  extended,  and  it 
will  in  all  probability  be  employed  in  the  80-ton  gun. 

6'8-iKOR  B.M.L.  HowiTZBB  18  otTi*.    Stop  vob  PaojsctiLS.    Fall  tise. 


2.  By  redudng  the  diameter  of  the  bore  immediately  in  front  of  the 
powder  chamber,  or  in  other  words  putting  a  choke  in  the  bore  which 
stops  the  gas  check  attached  to  the  shot  when  it  is  not  furnished  with 
ribs  or  projections. 

This  method  has  so  far  been  adopted  only  with  the  new  18*pr.  field 
guns.  It  cannot  be  applied  to  guns  aheady  made,  while  in  many  cases 
the  mode  first  mentioned  can  be  so  utilized  for  such  guns. 

18-PB.  B.M.L.  Q-T7K  OP  8  OWT.    Stop  foi^  Pbojbctils.    Full  the. 


Systems  of  Rifling^  and  Construction  gena'ally. 

It  should  be  always  borne  in  mind  that,  so  far  as  at  present  known, 
nearly  the  same  results  can  be  obtained  from  inmost  any  system  6i 
rifling,  if  the  advantages  and  disadvantages  which  each  one  possessed 
ore  properly  balanced.  At  times,  as  progress  is  made,  each  in  its  turn 
may  seem  superior  to  all  others,  until  some  new  improvement  brings 
another  system  more  to  the  front,  to  be  later  eclipsed  by  yet  another^ 
and  so  on. 

What  is  above  all  necessary  to  success  m  this  parUcnlar  detail,  as 
in  the  whole  of  gun  construction,  is  that  no  minor  points  be  overlooked, 
and  that  as  progress  continues  in  the  manufacture  of  powder,  pro- 
jectiles, gun  carriages,  &c.,  equal  advances  should  be  made  to  meet  the 
improved  requirements  as  regards  the  gun  itself,  so  that  the  benefits 
reaped  from  progress  in  one  direction  may  not  be  lost  by  want  of 
progress  in  another. 

The  problem  of  how  to  construct  a  |»ece  of  ordnance  is  indeed  a 
most  complicated  and  vexed  question  into  which  so  many  variables 
enter  that  to  lay  down  rigid  and  arbitrary  rules  is  not  permissible ; 
all  we  can  do  is  to  utilize  theory  so  far  as  known  and  to  avail  our- 
selves of  those  experimental  data,  the  store  of  which  each  year  in. 
creases. 
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GUN  CONSTRUCTION  OKNERALLY. 


CHAP.  IT. 


Yentiiig. 


Vent  buali. 


Copper. 
Steel. 


Wrought  iron. 

Position. 

In  B.B.L. 
guns. 

In  S.B.  and 
Bf.M.Ii. 


In  heavy 
guns. 

Effects  on 
position  of 
rent. 


IFayoumble 
^effects 
obtained, 
bj  strikinff 
the  cartridge 
•^ths  of  its 
length  from 
end  of  bore* 


5.   Venting  and  Vents. 

Having  constnicted  our  giin,  aod  chosen  the  system  of  rifling  to  be 
adopted,  we  have  to  determine  what  means  should  be  employed  to  fire 
the  charge ;  this  is  done  as  re&'ards  all  existing  ordnance  by  means  of  a 
percussion  tube  or  otherwise,  the  flash  from  which  passes  down  a  fire- 
hole  bored  through  the  gun  itself,  through  the  breech,  stopper,  or 
through  both  together,  as  in  the  Oerman  field  guns. 

As  the  rush  or  heated  powder  gas  quickly  wears  away  the  metal 
round  the  fire  hole,*  it  is  usual  to  bore  a  hole  in  the  metal  of  the  gun  or 
breech  stopper,  into  which  is  fitted  a  screw  plug  or  vent  bush,!  through 
which  the  fire  channel  or  vent  proper  is  made ;  when  the  vent  becomes 
much  damaged  by  wear  or  otherwise,  the  vent  bush  can  be  removed 
and  replaced  by  a  new  one. 

As  copper  withstands  the  action  of  the  powder  gas  very  well,  the 
bush  is  usually  made  of  this  metal,  though  steel  is  sometimes  emj^oyed ; 
wrought  iron  was  formerly  used  for  this  purpose,  and  vents  of  that 
material  are  still  to  be  found  in  some  of  our  S.b.  cast  ironf  pieces. 

The  position  of  the  vent  in  the  gun  may  either  be  what  is  usually 
called  axial  or  central,  i.e,,  when  the  vent  channel  runs  through  the  axis 
of  the  breech  and  strikes  the  cartridge  in  the  centre,  at  the  bottom  of 
the  bore,  as  with  our  R.B.L.  guns ;  or  it  may  be  such  as  to  strike  the 
chamber  at  an  angle,  or  perpendicularly  to  the  axis  near  the  bottom  or 
elsewhere,  as  is  done  in  our  S.B.  and  R.M.L.  ordnance. 

For  convenience  the  vent  generally  opens  at  the  top  of  the  gun ;  but 
in  10-inch  guns  and  upwards,  where  the  size  of  the  gun  renders  this 
position  awkward,  the  bush  is  placed  at  an  angle  of  45*^  with  the  per- 
pendicular, and  the  vent  hole  will  therefore  be  at  the  top  right  side  in 
such  guns  for  broadside  and  garrison  service,  while  in  turret  guns  it  is 
sometimes  placed  on  the  left  side  and  sometimes  on  the  right  as  con- 
venient. 

When  powders  of  comparatively  small  grain  are  employed,  the  rate 
of  ignition  of  the  charge,  and  so  the  maximum  pressure  on  the  shot  and 
gun,  is  influenced  considerably  by  the  point  at  which  ignition  first  takes 
place,  i.e.,  by  the  position  of  the  vent.     . 

This  is  more  particularly  the  case  when  large  charges  of  considerable 
length  are  employed. 

From  experiments  made  in  1863  with  large  charges  of  R.L.G., 
the  powder  then  employed  with  heavy  guns,  it  appeared  that  when  the 
cartridge  was  ignited  at  a  distance  of  -j^ths  of  its  length  from  the 
bottom  of  the  bore  that  the  best  results  were  obtained  as  to  velocity 
imparted  to  the  projectiles ;  it  was  therefore  settled  that  heavy  guns 
were  to  be  vented  so  that  the  bush  should  strike  the  bore  at  that  dis- 
tance from  the  bottom.  This  rule  is  still  adhered  to  in  all  our  heavy  « 
guns,  although  the  powder  grains  are  much  larger  than  those  of 
R.L.G. 


*  We  see  that  the  practice  of  yent-bushing  guns  is  of  ancient  date,  as  a  soientifio 
soldier  of  olden  time,  Captain  Hexham,  writing  in  1642,  says,  "  I  have  scene  in 
Ostend,  upon  the  west  bulwark,  that  some  touch-holes  of  canon  were  Wowne  so 
gieat  with  often  and  oontinualL  shooting,  that  I  haye  put  my  fist  into  them.  Now 
such  a  touch-hole,"  he  says,  "  being  blowne  some  8  or  4  inches  may  easely  be 
remedied,  for  if  you  bore  the  hole  roimd  and  drive  in  a  screw  of  iyron  into  it  as  thick 
as  your  finger,  and  in  the  midst  of  the  screwe  aboyesaid  bore  a  touch-hole  in  yt,  you 
shall  find  this  to  last  longer  than  any  other  way."  He  also  says  that  new  ordnance 
had  such  yents  screwed  in  at  their  first  manufacture,  and  that  they  lasted  longer 
than  brass  or  copper  touch-holes. 

t  For  description  of  the  actual  vent  or  bush  itself,  vide  p.  60. 
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In  the  smaller  natures  of  ILM.L.  gims,  it  has,  until  lately  been  the  .  CHAP.  II. 

rule  to  place  the  vent  so  as  to  strike  the  bore  near  the  bottom  with  a 

view  to  ensuring  the  certain  ignition  of  reduced  charges,  and  further 
to  lessen  the  supposed  danger  due  to  fragments  of  imconsumed  cart- 
ridge remaining  in  the  bore  in  a  smouldering  condition  when  firing 
blank  charges.  This  danger  however  has  disappeared  with  the  intro- 
duction of  the  present  service  silk  instead  of  serge  cartridge.  Experi- 
ments made  with  the  new  13-pr.  field  gun,  show  that  a  blank  cartridge 
of  considerable  length  can  be  ignited  with  a  vent  7-inche8  from  the 
bottom  of  the  bore  without  danger,  and  that  the  unconsumed  residue 
left  is  not  greater  than  when  the  same  cartridge  is  ignited  by  means  of 
a  vent  near  the  end  of  bore. 

Experiments  carried  out  with  forward  vents  in  40-pr.  and  25-pr.  Velocity 
rifled  muzzle-loading  guns,  firing  service  rifle  large  grain  powder,  show  gained  by  f^  i . 
that  a  considerable  increase  in  velocity,  without  any  injurious  increase  "wa^d  rent. 
in  pressure,  may  be  attained  by  igniting  the  cartridge  in  the  centre 
instead  of  in  rear.     The  pressures  are  also  more  uniform  with  the  16-pr.  R.M.L. 
forward  vent.    In  the  case  of  the  16-pr.  gun,  there  is  no  practical 
difference  in  velocity  with  either  vent,  but  the  pressure  on  the  base  of 
the  shot  is  reduced  by  the  use  of  the  forward  vent,  and  this  reduction 
might  possibly  obviate  the  tendency  to  premature  explosion  of  shrapnel 
shell  in  this  gun,  and  overcome  what  has  hitherto  been  a  serious 
difficulty. 

In  consequence  of  the  above,  the  40-prs.  have  now  been  forward 
vented  (vide  Table  II.),  the  old  vent  being  plugged  up. 

With  rifled  Howitzers,  the  rear  vent  is  still  adhered  to  for  con- 
venience in  igniting  the  very  small  charges  which  would  occasionally 
be  used  with  these  pieces,  in  which  the  powder  chamber  is  usually  also 
of  no  great  length. 

No  alteration  has  as  yet  been  made  in  the  position  of  the  vents  in 
the  remaining  service  guns  64-pr.  and  downwards  which  were  originally 
rear  vented  for  the  reasons  given  above. 

With  the  converted  guns,  80-prs.  and  64-prs.  the  vent  strikes  the  Conrertcd 
conical  powder  chamber  at  right  angles  to  the  surface,  and  near  the  gu^"- 
bottom,  and  is  inclined  at  the  same  angle  as  was  the  busH  of  the  old 
S.B.  guns  or  nearly  so.* 

TABLE  11. — ^Table  showing  position  of  Vents  in  BJVI.L.  Ocms. 


Dlitanoe 

Diatance 

Nature. 

fhnn 
bottom 
of  bore. 

Bemarki. 

Nature. 

irom 

bottom  of 

bore. 

Bemarki. 

17 -7  inch  of  100  toni 

.M 

•*• 

64-pr.,  64  eirt..llaik 
11  &  III 

16"         of  80    „ 

... 

Axial. 

5" -2 

VerUcal. 

12" -5       of  88    „ 

12"  0 

IncUned  at  45<>, 
and  Bonnal  to 

bon. 

40-pr.  Mack  I  or  U. 

7"-0 

ff 

12  "         of  85    „ 

12" -0 

i« 

ly/.         ^^    " 

9" -8 

ft 

■■V^Plv    •••                    •••                    ••• 

1"«0 

tt 

11  "          of  25    „ 

10" -0 

1) 

16-pr.  and  9-pr. 

0"'6 

■J 

10"          of   18    „ 

ll"-0 

VerUoA 

9-pr.,  6  cwt.  liark  I. 

l"-0 

%A 

!  «          °I   ^^    « 

9" -7 

18-pr. ...       ...       ... 

7"0 

ff 

8"          of     9    „ 

9" -2 

tf 

7-pr.  iteel     

r-o 

#« 

7  "  aU  Mtum      ... 

8" -6 

n 

6*8Howitser... 

8"   Howitier  of    46 

1''125 

Normal  to  coned 

80-pr.  of  6  tonfl 

l"-85 

Normal  to  cnp. 

4*  W  ••«•«                 •••                 «aa 

l"-76 

end. 

64-pr.  of  71  A  58  ewt. 

l"-8 

V«rtki£ 

6"-6Hoiritser 

l"-5 

Vertical. 

64-pr.  64  cwt.  ICaifc  I. 

6"«1 

8"  Howitser,  70  cwt 

2"-0 

Vertical. 

*  This  is  done  on  account  of  the  conical  shape  of  the  cup.    Tide  p.  174. 
(CO.)  B 
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oxnn  ooss^BSJcnos  gbnsbally. 


CHAP.  n. 

Tent  busliea. 


Through  vent. 


Cone  Tent. 


§  1821. 
Vent  busheB 
of  18-ton 
guns. 

Different 
threads. 

Exceptional 
bushes  7-pr. 
eteel  gun. 
80-ton  gun. 


Wear  of  the 

Tent. 


Flans  for 
preTenting 
the  wear  of 
the  Tent. 


Vent  tuAeL 

The  service  vent  bushes,  or  vents  used  by  us  are  of  copper  (except 
the  few  iron  bushes  found  with  some  S.B.  pieces,  vide  p.  60),  and  for 
R.M.L.  guns,  the  metal  is  specially  hardened.  For  vent  bushes  of 
E.B.L.  guns,  vide  p.  126. 

For  S.B.  and  K.M.L.  guns  there  are  two  kinds  of  copper  Tents  or 
bashes,  viz. : — the  "  through  vent  •*  and  the  "  cone  vent.**  • 

The  throuffh  vent  is  a  cylinder  l^inch  in  diameter,  cut  with  a  screw 
thread  ^  mai  deep,  and  having  a  square  head  by  means  of  which  the 
bush  is  screwed  into  the  gun. 

The  cone  vent  is  of  the  same  shape  and  size  as  a  through  rent, 
except  towards  the  end,  where  the  screw  thread  terminates,  and  the 
cylinder  merges  into  the  frustrum  of  a  cone  1^  inch  in  length  and 
1^  inch  In  diameter  at  the  extreme  end. 

Guns  are  first  vented  with  a  cone  vent,  the  through  vent  is  only  used 
when  the  wear  round  the  co])per  is  so  great  that  the  cone  must  all  be 
bored  out  to  remove  flaws,  vide  p. 

The  copper  is  2  inches  square  in  section.  It  is  drawn  down  square 
while  cold  under  a  light  steam  hanm\er  to  the  size  required  for  the 
screw,  the  blows  being  as  light  and  numerous  as  possible,  so  that  the 
greatest  amount  of  condensation  may  be  effected.  It  is  afterwards 
treated  in  the  usual  manner,  t.e.,  turned,  a  seven-thread  screw  cut  on  it, 
and  coned  at  the  bottom. 

The  vents  of  course  vary  in  length  according  to  the  thickness  of 
metal  of  the  gun.  In  18-ton  guns  and  upwards  tiae  threads  are  limited 
to  a  length  of  6  inches  above  the  cone,  the  upper  part  being  plain. 
Guns  for  sea  service  have  the  mouth  of  the  vent  rimed  out  to  a  depth 
of  1  inch,  tapering  from  '28  at  the  top  to  '22  at  the  bottom. 

Some  S.B.  bushes  have  a  different  thread,  vide  p.  60,  chapter  III., 
while  the  converted  guns  are  vented  with  a  through  vent  to  begin  with, 
vide  p.  236. 

The  bush  of  the  7-pr.  steel  gun  is  exceptional,  having  18  threads  to 
the  inch,  and  being  of  much  smaller  dimensions,  0"'625  in  diameter,  in 
order  not  to  weaken  the  gun  too  much.  The  vent  bush  of  the  80-ton 
(experimental)  gun  is  also  exceptional,  being  of  steel  provided  with  a 
mushroom-shaped  head.  The  bar  of  the  vent  bush  passes  through  a 
hole  cut  through  the  breech  in  the  prolongation  of  the  axis/ and  is 
clamped  by  a  nut  on  the  exterior. 

It  may  be  remarli^  that  although  a  copper  vent  can  be  readily 
removed  when  worn  out,  as  explained  at  p.  815,  yet  with  large  guns 
firing  heavy  charges,  the  wear  of  the  vent  caused  by  the  action  of  the 
escaping  gases  is  so  great  that  it  is  very  desirable  to  find  some 
practical  method  of  stopping  this  rush  of  gas. 

Many  plans  have  been  brought  forward,  some  of  which  are  still 
under  trial,  for  obviating  this  defect,  either  by  stopping  the  fire  channel 
immediately  the  charge  is  ignited  near  the  top  (1) ;  or  at  Ihe  bottom 
(2) ;  or  again  by  providing  the  gun  with  a  vent  which  can  be  more 
readily  removed  than  the  service  vent  (3). 

The  first  method  seems  the  eaaest  to  use,  though  the  least  efficient, 
because  it  allows  of  a  rush  of  gas  along  the  vent  channel ;  the  second 
would  be  most  complete  if  it  can  be  attained  without  too  much  practical 


*  For  S.MJJ.  guns,  except  tb^  oonTerted  gmu,  only  "  cone "  Tents  are  ismied* 
When  necessary  they  are  used  as  "  through  "  Tents,  the  cone  being  entirely  remoTed. 

t  A  simple  method  of  this  description  is  that  brought  forward  by  Lieut.  Col.  Mait- 
land,  B.A.,  where  a  plate  of  copper  is  attached  to  or  loaded  in  rear  of  the  end  of  the 
cartridge,  which  jplate  on  the  explosion  of  the  charge  is  driTcn  tiehtly  against  the 
aperture  of  an  axial  Tent.    This  nas  the  objection  that  after  cTcry  nre  the  plate  must 


GUN  CONSTRUCTION  GBBNERAIXY.  51 

difficulty,  as  by  meaiis  of  it  no  wear  of  the  gas  chaimel  would  take      CHAP.  II. 

place.f    The  third  method  plainly  does  not  solve  the  difficulty  alto-         . 

gether,  but  partially  does  away  with  its  ill  effects,  and  is  that  which 
will  probably  be  of  the  simplest  and  readiest  amplication. 

Fraser  Bemovable  Vent  hush. 

This  removable  vent  bush  has  so  far  given  very  good  results.  It 
consists  of  (1)  a  vent  or  bush  proper  of  steel  with  a  copper  tip,  (2)  a 
nut  for  securing  the  vent  in  the  gun,  (3)  a  clamp  ring  with  friction 
tube  pin.*  The  vent  proper  fits  easily  into  the  hole  bored  for  its 
reception ;  it  is  held  securely  in  the  gun  by  the  "  nut  '^  which  fits  over 
it  and  wliich  is  screwed  into  the  metal  of  the  gun,  until  it  presses 
against  a  shoulder  upon  the  upper  portion  of  the  vent.  The  clamp 
ring*  is  placed  in  position  upon  the  upper  end  of  the  vent,  and  clamped 
by  tightening  a  small  screw.  To  remove  the  vent,  the  clamp  ring  is 
first  taken  off,  the  nut  screwed  out  and  another  nut,  which  takes  the 
thread  made  ^on  upper  part  of  vent,  inserted  instead.  This  nut  is 
screwed  down  until  its  collar  rests  on  the  upper  surface  of  the  gun, 
whereas  this  collar  prevents  downward  movement  of  the  vent;  the 
vent  is  necessarily  drawn  upwards  as  the  nut  is  further  screwed  rouad, 
when  both  vent  and  nut  can  be  readily  taken  out. 

6.  Sighting  generally.  Sighting.  ' 

Although  sighting  is  not  strictly  speaking  a  part  of  gun  construc- 
tion, yet  we  may  treat  it  here  generally,  considering  that  'all  ordnance 
must  be  provided  with  some  means  of  laying  in  order  to  be  of  any  use. 

A  gun  is  usually  supplied  with  one  or  moref  pairs  of  sights,  fixed  on 
so  as  to  be  readily  removed  when  necessary.  Front  or  fore 

The  front  (fore)  sight  is  usually  placed  on  the  gun  near  the  muzzle  sight, 
or  on  the  trunnion  ring,  and  the  tangent  or  hind  sight  near  the  breech  Tangent  op 
end ;  the  line  of  sight  passing  through  a  notch  in  the  latter  and  taking  hind  sight, 
in  the  point  of  the  fore  sight  and  the  object  aimed  at.  «•  i^i^£    g  g 

With  service  S.B.  pieces  these  sights  are  both  perpendicular,  or  more  o^nance'per- 
correctly  in  the  vertical  plane  passing  through  the  axis  of  the  piece,  pendicular. 
when  the  trunnions  are  horizontal,  but  with  our  rifled  pieces  it  is  found 
that  the  projectile  always  goes  to  the  right  of  the  object  aimed  at,  gighte  for 
which  is  due  to  their  having  right-handed  rifling.    In  order  to  make  up  rifled  ord- 
for  this  drift,  or  "  derivation,"!  as  it  is  sometimes  called,  the  hind  sights  nonce  placed 
are  inclined  slightly  to  the  left,  so  that  the  line  <rf  sight  is  directed  «•*  *^  angle, 
somewhat  to  the  left  of  the  target  apparently  aimed  at,  the  vertical 
plane  passing  through  the  line  of  sight  when  the  trunnions  arehorizon- 
tal  being  slightly  inclined  to  the  vertical  plane  passing  through  the  Amonnt  of 
axis  of  the  piece.    The  amount  of  derivation  will  vary  with  the  shape,  deriyation. 

be  remoTed  from  the  gon.    This  method,  as  well  ae  others  of  the  sereral  natures 
mentioned  in  the  text,  is  under  consideratioa. 

•  Eeqnired  for  S.S. 

t  Should  there  be  three  pairs  or  sets  of  sights,  the  mid&  pair  laterally  are  termed 
centre  sights  (hind  and  fore) . 

X  AEto  the  causes  -which  produce  this  drift  in  the  case  of  rifled  guns,  they  appear  to 
be  complex,  and  as  yet  nothing  positiye  can  be  laid  doim  re^trding  them.  This 
subject  yrill  be  found  discussed  m  the  books  below-mentioned  amongst  others. 

We  know  as  a  fact,  howeyer,  that  durine  their  flight  through  the  air,  pointed  pro- 
jectiles always  deflect  to  the  right  with  right-l]^ded  rifling,  and  to  the  left  with  left- 
handed  rifling.  As  to  the  actual  drift  of  flat-headed  projectiles,  we  haye  not  a 
sufficient  amount  of  data  to  say  that  we  know  to  a  eertamty  horn  ihey  dofleot,-tboygfa 
it  is  held  by  some  that  they  do  so  in  the  opposite  direction  to  pointed  prqjectiles. 
"  Motion  of  Projectiles,"  p.  65.  Professor  Bashforth,  B.D.  Asher  and  Co.,  1878. 
"  Modem  Artillery,"  p.  224.  Lieut.-Col.  Owen,  E.A,  Murray  &  Co.,  1871.  "De 
'*  rinfluence  du  moyement  du  rotation  sur  la  TrMectione  des  Power  Technologio 
"Militaire,"  IV.    1876,  p.  18.    HeH6,  Treatise  on  Ballistics,  pp.  486-7. 

(C.O.)  E  2 
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CEIAP.  IT. 

Angle  of 
deflection  in 
B.L.  guns. 

8-incli  howit- 
zer eight  not 
set  at  an  angle. 


Hcthod  of 
ascertaining 
th   angle  of 
deflection. 


&C.,  of  the  projectile,  and  also  with  the  twist  of  riffing.  As  a  rule,  the 
sharper  the  twist  the  greater  is  the  derivatioii. 

Regarding  the  angle  at  which  the  hind  sights  most  be  inclined  in 
order  to  mause  up  for  derivation,  with  R.B.L.  service  guns  it  is  2*^  IG' 
for  all  natures,  but  with  KM.L.  it  differs  considerably  in  the  several 
guna  The  only  R.M.L.  service  pieces  of  ordnance  where  the  sights 
are  not  set  at  an  angle  are  the  howitzers.  With  the  8  and  6'3  inch 
howitzers  a  perpendicular  hind  sight  is  used,  and  the  drift  at  the  several 
ranges  is  made  up  for  by  means  of  a  long  deflection  leaf. 

In  order  to  determine  the  '^  permanent  angle  of  drift "  when  a  new 
nature  of  gim  is  about  to  be  introduced  into  tne  service,  actual  practice 
is  carried  on  at  Shoeburyness  from  the  specimen  g^  sent  there  for 
trial  of  range  and  accniracy ;  the  gun  is  eitner  sighted  perpendicularly 
or  in  some  cases  it  is  not  sighted  at  all,  elevation  being  given  by  tern* 
porary  means. 

A  still  day  being  chosen,*  a  number  of  rounds  are  fired  with  various 
elevations,  generally  a  series  of  10  rounds  at  1°,  S"*,  5^,  &c.,  and  the 
angle  is  calculated,  by  the  subjoined  formula,  for  each  elevation. 

The  mean  of  the  angles  so  obtained  is  adopted  as  the  permanent 
angle  of  drift. 


*  Eren  shonld  there  he  vrind  we  have  now,  thanks  to  Lieut.-Col.  Maitland,  B.A.,  a 
formula  hy  means  of  which  we  can  without  difficulty  eliminate  errors  due  to  its 
effects  in  making  the  calculations  founded  upon  the  ohserred  values  of  d  and  r.  Vide 
"  On  the  influence  of  the  Wind  on  the  Flight  of  Ftojectiles."  Proceedings  B.AX 
Tol.  Tiii.  Kb.  6. 
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The  formula  used  for  determiniD^  the  angle  for  each  range  is 

tan  0  =  d^^ction  ^  ^^  elevation  ,• 
range 
which  ia  proved  as  follows : — 

In  fig.  above,  let  be  represent  a  perpendicnlar  tangent  sight,  and  /the 
forosight  of  the  gon,  then  b/t  represents  the  line  of  dght,  the  gun  being 
laid  on  the  target  (,  with  the  angle  of  elevation  bfc=t. 

Suppose  <  to  be  the  point  where  the  shot  falls,  then  ts  measured  at 
right  angles  to  the  line  of  sight,  represents  the  defiection  of  the  shot. 

Join  j>/and  produce  it  to  a,  draw  ba  at  right  angles  to  bt  and  join  ac. 

Now  n  is  the  point  at  which  the  head  of  the  tangent  sight  should  be 
placed,  in  order  to  compensate  for  the  drift  ts,  and  acb  ~  0  is  titti 
onifte  o/"  drift  required. 

Jjet  the  ranged  =  r  and  the  deflection  U  =  d. 

Now  by  similar  triangles 

a&  _  ji  _  rf 

But  ah  =  he  tan  6  (oic  being  a  right  angle). 
And  bf  =  be  cosec  «  (iq/"  being  a  right  angle), 
hcteme 


Therefore,  -  = 


be  c 


Note  A  to  Cuapteb  Il.f 

Daeriptio*  r(f  TrUdi  with  varioui  Sgtlemi  of  Bifling. 

Commander  Scott's  gun  ww  rifled  in  Are  grooTei,  which  were  ihallower  on  the   Commander 
loading  side  than  on  the  driTing  side,  which  was  curred  with  a  Tiew  to  obtain  a  perfect   Scott's  !<TBtem. 
centring  for  hia  shot.    His  riflmg  had  a  nnifonn  evati  of  one  turn  in  291  inches. 
Fig.  1. 

Kg.l. 


I  'rhia  formula  is  due  to  the  Is  .         _  .,. 

'  "'      e,  those  of  the  muzlef  are  on  a 


(JUS  coiranujanQK  qbueraijLT. 


a  libs,  with  two  TS17  imaU  copper  atnda 


Mosars.  ^^  P*"  ^^  suffldent  for  Mewn.  Je9ei7  and  Britten,  m  &eir  ajeUnns  differed 

tTeflery'a  and     '">">  ^''^^  another  orAy  in  mamier  ol  applying  lead  to  th«  ba«e  of  the  projectile  bo  that 
Britdiii'B  ''  might  take  the  rifling.*    Thii  run  hod  13  jroorei  O'lD"  in  depth,  and  0*816"  in 

width,  and  a  turn  of  1  m  806".    Big  3. 


The  ftflneh  gnu  wa»  rifled  in  tbrM  BrooTea  0-226"  deep,  ^-QB"  wide,  the  rifling 
grsduaUj  incieaaed  from  nothineat  the  breech  to  1  turn  in  !i59"  at  the  muiile.  Ihe 
first  batch  of  projeotilet  for  the  Frenob  gun  had  three  large  half -line  etude  in  fronts 
■upported  by  an  nan  back,  and  three  amiall  ones  behind,  but  aa  the  eiperimenta  vent 
on  It  was  found  expedient  to  adopt  Hajor  PalUaer'i  proposal  of  ohsinging  the  metj  1 
of  the  studs  to  gun  metal,  and  of  rererdng  the  poeilion  of  the  studs  oj  pladng  tie 
■mailer  ones  in  front.    Fig.  4. 


*  Ur-Brrttcm'snuthodof  attaching  lead  ooatingohemicallj  was  adoptod  6 

projectUee  of  t^  Amutrong  B.L.  fjune,  and  haa  prored  nuMt  satiafaetorj. 


OUN  C!ONSTRTJOTI(W  OEyBEAIJiT. 
Tig.  4. 


The  »hmit  gun  had  Kt  grooret  ot  tlie  veil  known  fenn ;  the  ipinl  wu  unifann   The  Bhont 
with  one  turn  in  260"  or  33  calibres.    The  shot  had  SO  ituds,  i.e.,  fire  for  each    gun. 
groore.    Fig.  S  ehowB  section  at  muzile. 


j^SSW^ 


All  the  pTOJectilM  had  hcaiuBpheriisI  head*.  The  weij^t  of  each  ihell  (filled)  was 
lOO  Ibt.,  and  of  eaoh  shot  110  Iba,  Bioept  that  of  the  S^noh  ihot,  vhich  neighed 
only  100  Ibe. 


A  very  gfaort  eipeiienoe  Bhowed  that  the  a;fstema  of  Heasra.  Jeffecy  and  Brittea 
were  nnsoited  for  heaTj  ohnrgea  i  large  plecea  of  lead  were  blown  off  the  ihot.  and 
the  shooting  wu  so  wild  aa  to  throw  these  systems  entirety  out  of  the  competilkm, 
which  therefore  was  limited  to  those  of  Scott,  lancaeter,  the  Fteoch  and  the  shunt. 

Sxperiments  were  c&rried  on  which  tested  these  competitiTC  guns  in  all  the  cardinal   BecommeniU- 
virtues  of  ordnance,  and  thoogh  the  shooting  qualities  were  alike,  the  Ordnance  Select  (jqik  of  O.S  C 
Committeo  in  their  final  report,  No.  3730,  dated  Ist  Uay,  186G,  recorded  their  nmtai- 
moua  opinion  in  faTour  of  the  so-called  French  system  ; — 

(1,)  "  Because  of  the  siniplialj  of  its  studding  on  the  piojectileB. 

(2.)  "  The  simplioty  of  the  grooring  of  the  gun,  and 

(3.)  "Troma  diapoiution  to  admit  Uw  adTantagee  of  an  increasing  orer  a  uniform 


gfiad." 


Kg.  6. 


course   The  irodiSeA 

._ -r -culled   grooTA. 

fVencb  gun,  except  that  the  width  and  depth  of  the  grooves  should  be  slij^liUy 
decreased,  and  that  S"  and  9"  guns  also  shoald  be  completed  with  ■imiliu'  rising. 
Fig.  6  ohowB  a  section  ot  the  modified  groove. 
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CHAP.  III. 


CHAPTER   m. 

SMOOTH-BORE    ORDNANCE   AND    STORES. 

Billed  Ordnaaoa  rapidly  replaoinff  Smooth  BorMi. — Where  S.B.  are  retained 
— Cast  iron  and  bronze  guns. — ^Wronght  iron  S.B.  guns. — Glasaes  of  8.B. 
Ordnazioe. — Ghins,  carronadeB,  howitzers,  and  mortars. — Gomer  and  cylindrical 
chambers. — ^Registration  and  designation. — Length. — ^Weight. — Preponderance. — 
Windage. — ^Natmres  of  cast  iron  ordnance  in  the  serrioe.— Bronae  Ordnaaoa.— 
Inspection,  proof,  marking  before  issue,  &c. — ^Marks  showing  nature  of  rents. — 
Venting. — Line  of  metal. — Quarter-sight  line. — Line  of  horizontal  axis. — 
Tertical  line. — Quarter-sight  scale. — Millar's  sights. — ^Wood  tangent  scale  of  L.S 
—Small  stores  L.S.  and  S.S.  Table  of  S.B.  guns  to  be  retained.— Table  of  S.B. 
guns  to  be  abolished. 


Blfled  ord- 
nance replac- 
ing S.B. 

In  certain 
ca*os  S.  B.  rc" 
laiiiec'. 

^fnnufactiire 
of  S.B. 
ordnance. 


Cast  iiY>n  guns 
in  1545. 

Brass  foundry 
at  Woolwich, 
1717. 


Blomcfield 
guns. 


CongrcTO, 
Dickson, 
Millar,  Monk, 
Dundas. 

S.B.  wrought 
iron  guns, 
1864. 


Rifled  guns  are  rapidly  replacing  smcoth-bore  ordnance,  yet  we  still 
have  so  many  of  the  latter  in  our  armament,  both  at  home  and  abroad, 
that  it  is  necessary  for  artillerymen  to  be  well  acquainted  with  such 
ordnance  and  the  stores  belonging  to  them.  Moreover,  although  for 
the  reasons  given  at  p.  67  it  has  been  found  necessary  to  adopt  rifled 
guns  for  our  service  armament,  yet  for  certain  objects,  such  as  the 
defence  of  short,  flanks  where  range  is  limited,  and  generally  speaking 
at  close  quarters,  S.B.  guns  are  still  useful,  and  some  are  retained  in  all 
our  large  fortresses. 

S.B.  ordnance,  both  of  cast  iron  and  bronze,  were  cast  in  moulds  and 
afterwards  bored  out  to  the  proper  calibre.  Cast  iron  ordnance  were 
manufactured  in  England  as  early  as  1545,  but  bronze  pieces  had  been 
made  in  this  country  long  before  that  date,  for  the  founding  of  bronze 
was  well  understood  prior  to  the  art  of  smelting  iron  ores  being 
perfected. 

In  1717,  the  so-called  brass  foundry  was  established  at  Woolwich, 
and  there  our  bronze  ordnance  have  principally  been  made,  some  of  the 
existing  natures  (the  4a  howitzer  and  Coehom  mortar  for  instance) 
having  been  manufactured  from  its  earliest  establishment. 

Cast  iron  guns  were  supplied  by  contractors  according  to  designs 
furnished  to  them,  and  were  proved  by  Government  oflScials. 

The  oldest  pieces  still  in  our  service  were  made  between  1780  and 
1822,  when  Sir  Thomas  Blomefield  was  Inspector-General  of  Ordnance.' 
He  instituted  a  rigorous  proof,  and  improved  the  manufacture  generally. 
Guns  made  after  his  designs  may  be  known  by  the  numerous  architec- 
tural ornaments  on  the  exterior. 

General  Sir  W.  Congreve,  Sir  A.  Dickson,  and  Millar,  Mr.  Monk, 
and  Colonel  Dundas  successively  introduced  improvements  upon  the 
Blomefield  guns,  but  no  new  nature  of  cast  iron  or  bronze  S.B.  service 
gun  has  been  made  since  1859,  when  the  supersession  of  our  smooth- 
bores by  rifled  guns  commenced. 

In  1864,  when  guns  verstts  armour  plates  became  a  serious  question, 
the  Admiralty  proposed  the  construction  of  large  S.B.  guns  of  wrought 
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iron  for  penetrating  iron  clad  ships  at  close  quarters.    Two  natures,  CHAP  HI. 
150  and  100- prs.,  were  consequently  made,  being  built  upon  the  Arm-  — ^ 

strong  coil  system.  Much  more  powerful  results,  however,  than  they 
could  afford  were  obtained  from  the  heavy  R.M.L.  guns  adopted  shortly 
afterwards,  and  their  manufacture  ceased.  These  two  guns  were  the 
last  two  natures  of  S.B.  ordnance  introduced  into  our  service,  and  the 
only  description  made  of  other  materials  than  bronze  or  cast  iron.* 

Ckutification, 

Oar  service  S.B.  ordnance  are  classified  as  follows :—  Oluaes  of  S.B. 

j-Guns.  .Q^  °'^'^- 

Cast  iron  <  ^^^^'         Bronze  <  Howitzers. 

Guns  are  from  14  calibres  and  upwards  in  length,  carronades  about  G-uus. 
7  calibi*es ;  they  are  adapted  for  both  shot  and  shelL 

Two  guns  however,  the  10-inch  and  8-inch,  are  made  for  shell  fire  Shell  gam. 
only.  These  differ  from  other  guns,  in  having  conical  (gomer)  chambers 
and  in  being  shorter  and  lighter  in  proportion  to  their  calibre. 

Carronades  have  cylin^cal  chambers  and  differ  much  from  other  Carronades. 
pieces,  being  short  and  tapering  towards  the  muzzle,  round  which  there 
is  no  swell,  but  a  lip  or  rim  projecting  forward;   they  are  without 
trunnions,  but  have  a  loop  underneath  by  which  they  are  secured  to 
the  carriage. 

Howitzers,  5  to  10  calibres  long,  and  mortars  from  3  to  4  calibres.  Howitzers  and 
are  chambered  and  adapted  solely  for  shells,  the  former  for  so-called  mortsw. 
direct,  and  the  latter  for  high  angle  fire.    Their  cahbre  is  large  com- 
pared with  their  weight. 

The  trunnions  of  mortars  are,  for  convenience  in  high  angle  firing, 
placed  at  the  breech  end  instead  of  near  the  centre  of  gravit3\ 

All  mortars  and  howitzers  in  the  service  have  gomer  chambers  Gk>mer 
except  the  if-inch  bronze  howitzer,  which  is  cylindrically  chambered.      chamber. 

S.B.  ordnance  are  also  divided  into  L.S.  and  S.S. ;  many  pieces  are  Registration, 
common  to  both,  e.^.,  the  8-inch  shell  gun  L.S.  and  S.S.,  others  were  Difference 
only  intended  for  one  branch  of  the  service.    S.S.  ordnance  are  always  between  S.S. 
furnished  with  breeching  loops,  and  a  few  also  have  housing  blocks,  ^^^  ^•^' 
otherwise  they  differ  generally  from  L.S.  in  minor  fittings  only. 

Smooth-bore  pieces  for  firing  solid  shot  are  further  designated  by  the  Designation, 
weight  of  the  shot  in  lbs,  and  the  weight  of  the  piece  in  cwts.,  as  the 
G8-pr.  of  95  cwts. ;  those  for  firing  shell  by  the  calibre  in  inches  and 
weight  as  before,  e.g.,  the  8-inch  mortar  of  9  cwt.  The  32-pr,,  24-pr., 
and  12-pr.  bronze  howitzers  are  exceptions  to  this  rule,  and  are  distin- 
guished like  shot  guns.  When  there  is  more  than  one  pattern  of  the 
same  calibre  and  weight  some  distinction  should  be  specified ;  for 
instance,  the  32-pr.  of  25  cwt.,  length  6  feet. 

The  length  of  all  pieces,  except  mortars,  is  measured  from  the  muzzle  I^cngth. 
to  back  of  base  ring,  and  that  of  a  mortar  from  rear  of  breech  to  face 
of  muzzle  along  axis  of  piece. 

The  weights  as  given  in  the  tables  are  termed  nominal,  because  there  Weiijht. 
is  often  a  difference  of  two  or  three  cwts.  in  pieces  of  the  same  nature. 

Preponderance  expresses  the  statical  pressure  on  the  elevating  screw  Prepon- 
or  coin.  denmoe. 

*  The  ISO-prs.  are  now  obsolete.    Thej  have  been  returned  int^  store,  but  are 
retained  for  the  present.    The  lOO-prs.  are  used  by  the  Nayy  for  drill  purposes  only. 
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Windage. 


Windage — ^the  difference  between  the  diameter  of  the  bore  and  the 
diameter  of  tiie  shot* — allows  room  for  ramming  home  the  projectile 
when  the  bore  is  foul,  &c.  In  old  gmis  the  windage  is  ^th  the 
diameter  of  the  shot ;  but  in  those  of  more  modem  date  it  is  much  less, 
being  only  •!  inch  in  field  gims,  and  about  '15  inch  in  heavy  guns. 
Windage  should  be  as  small  as  possible,  for  besides  causinp^  indentation 
of  the  bore  and  irregularity  of  night,  a  great  deal  of  the  power  escapes 
and  is  lost.  In  old  guns  this  loss  was  computed  to  be  equivalent  to  ^rd 
or  Jth  of  the  charge. 


Ordnance  in 
the  semoe. 


Table  A« 


Cast  iron 
ordnance. 
Shell  guns. 

10-inch. 


8-inch. 


Shot  gnna. 
68-pr. 


42-pr. 

82-pr.  of  68, 
68,  and  66 
cwts. 


Df onk'fl  A.,  B.| 
and  0.  guns. 


Natures  of  Cast  if^on  Ordnance  in  the  Service. 

So  many  different  pieces  had  been  introduced  into  the  service  up  to 
1864  that  our  armament  then  embraced  a  very  great  variety  of  ordnance. 
In  consequence  we  retained  in  our  fortresses  a  number  of  guns  and  a 
vast  accumulation  of  small  stores  of  an  obsolete  pattern. 

To  remedy  this,  two  lists,  A.  and  B.  (pp,  65,  66,  Tables  III  and  IV), 
were  made  out  in  January  1864,  showing  the  pieces  to  be  retained  in 
the  service,  and  those  which  weie  to  be  abolished.  These  lists  continue 
our  official  guide  as  to  S.B.  ordnance  absolutely  in  the  service.  We 
will  now  go  through  the  pieces  mentioned  in  Table  III,  and  remark  on 
their  specialities. 

There  still  remain  some  S.R  shell  gtms  in  our  wooden  ships  and  our 
fortresses.  They  have  only  two  muzzle  mouldings,  while  shot  guns, 
with  certain  exceptions,  have  three. 

The  10-inch  shell  gun  weighs  86  cwts.  The  muzzle  of  this  gun  being 
too  large  for  the  ports  of  some  ships,  ooe  of  the  muzzle  mouldings  was 
sometimes  turned  off  in  order  to  obtain  a  larger  angle  of  training. 
Ouns  so  treated  are  called  L.M.  (low  muzzle),  in  contradistinction  to 
the  H.M.  (high  muzzle).  The  10-inch  should  never  be  "double- 
shotted." 

8-inch  shell  guns  formed  part  of  the  siege  train,  and  were  much  used 
for  flanks  or  of  permanent  works.  Those  of  65  cwt.  are  now  being 
converted  into  64-pr.  R.M.L.  guns  of  71-cwt.  The  65-cwt.  pattern  is 
the  one  most  used  in  both  services.  There  are  but  few  of  the  54-cwt. 
pattern  mounted  in  L.S.  batteries,  and  none  of  the  60-cwt. 

The  68-pr.,  of  112  cwt,  was  the  heaviest  cast  iron  piece  in  our 
service ;  of  them  very  few  are  left.  There  are,  however,  many  of  the 
95-cwt.  guns.  They  were  much  used  as  pivot  guns  and  for  sea  faces 
of  forts,  and  many  have  been  now  converted  into  80-pr.  R.M.L.  guns 
L.S. 

42-prEr.  are  rare ;  a  few  may  yet  be  found  mounted  in  out-of-the-way 
batteries. 

32-prs.  were  formerly  the  principal  armament  of  all  classes  of  vessels, 
and  hence  we  have  several  descriptions,  varying  in  length  and  weight. 
The  different  amount  of  windage  allowed  from  time  to  time  has  caused 
a  considerable  diversity  in  their  calibres  and  ranges.  The  63-cwt.  gun 
is  altogether  for  land  service.  The  58  and  56-cwt.  are  the  patterns 
most  commonly  used  in  both  services.f 

Monk's  A.,  B.,  and  0.  ^uns  still  exist  in  Woolwich  Arsenal,  and  in 
wooden  ships.  The  A.  pattern  is  sometimes  found  in  garrisons,  as  are 
also  the  B.  and  C,  but  much  more  rarely.    The  48  and  50-cwt.  guns 


*  Properly  speaking  "  windage  "  is  the  differenoe  between  tiie  sectional  areas  of  the 
projectile  and  the  bore  of  the  guns. 

t  The  58-cwt.  is  being  largely  converted,  on  the  FaJliser  principle,  into  &i-pr. 
E.M.L.,  L.S. 
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are  issued    mdiscriminately,  moanted    on    the    same   carriages,  and    CHAP.  III. 
bracketed  together  in  returns.    The  48  and  50-cwt.  guns,  as  well  aa         — 7 
those  of  39  and  40  cwt.,  are  to  be  found  in  inland  works  principally,  ^^?5o^^ 
and  have  been  issued  in  large  quantities  to  volunteers.  *^       ^^  ' 

The  32-cwt.  gun  is  a  bored-up  gun.  ^^^  g.,      , 

The  25 -cwt.  gun  is  the  light  32-pr.    It  can  be  distinguished  by  ox  ^u^t  „„•  , 
having  two  muzzle  mouldings. 

24-prs.  are  exclusively  for  land  service,  being  garrison  guns.    The  24-pr8.  of20, 
48-cwt.  has  been  issued  extenaively  to  Volunteers.  4S,  and  60 

A  few  18-prs.,  both  of  the  heavier  natures  and  also  bored-up  guns,  ^***      .,„ 
may  still  be  found  in  the  flanks  of  large  works.  an?38  cwt. 

The  three  small  natures  of ^  cast  iron  guns  are  used  for  saluting  and  12, 9,  and  6 
drill  purposes.  *  pr. 

Carronades  are  now  to  be  found  in  flanks  of  a  few  works,  and  utilised  Carronades. 
for  drill  purposes  (S.S.). 

The  use  of  iron  howitzers  is  limited  to  flanks,  &c.,  where  a  very  short  ^^^  howit- 
range  is  necessary.  *®"- 

13  and  10-inch  mortars,  S.S.,  were  originally  intended  for  mortar  Mortars. 
vessels,  but  are  now  only  used  for  coast  defences.    They  have  narrower 
chambers  than  the  L.S.  mortars  of  the  same  calibres,  and  are  very  much 
heavier. 

Bronze  Ordnance^. 

AH  the  natures  of  bronze  S.B.  guns  in  the  service  are  nearly  alike,  Bronze 
and  resemble  in  exterior  appearance  the  earlier  cast  iron  guns.  ordnance. 

By  an  order,  dated  November  1859,  a  dispart  patch  is  to  be  added  to  Guns, 
every  bronze  gun  before  issue. 

The  S.S.  brcxize  howitzers  are  similar  in  pattern  to  the  L.S.,  but  the 
24  and  12-pr.  howitzers  have  a  breeching  loop,  and  the  breech  is 
rounded  off. 

The  4f-inch  howitzer  still  remains  in  the  service,  as  well  as  the  3-pr.  Ilowitzcrs. 
guns  for  colonial  and  mountain  service.    The  howitzer  is  of  exceptional 
construction,  being  very  short,  and  having  a  cylindrical  chamber. 

The  broiize  mortars  may  still  be  useful  in  mountain  warfare  and  in  j^ort&rs. 
the  advanced  trenches  of  an  attack. 


InspectiofLf  Proof j  Marking  before  leaue^  4^c, 

The  following  were  the  tests  applied  in  the  B.G«F.  to  new  cast  iron 
pieces.  _,.    ^^    ^ 

They  were  examined  for  flaws  or  holes,  for  concentricity  of  bore,  *"*P"**^  • 
dimensions,  &c. ;  then  two  proof  rounds  were  fired  with  a  heavy  charge 
and  g^ierally  one  service  shot,  pressed  home  with  a  junk  wad  or 
wooden  wedges.    The  gun  was  afterwards  proved  by  water  pressure,  Waterproof. 
and  finally  examined  with  a  lamp  passed  down  the  bore. 

Guns  which  endured  the  tests  were  weighed,  marked,  and  registered.  Marks  on 
On  the  first  reinforce  were  engraved  the  number  bv  which  the  gun  is  guns, 
registered  in  the  R.G.F.  books,  the  broad  arrow,  the  exact  weight  of 
the  piece  in  cwt.  qrs.  and  lbs.,  and  the  year  of  proof,  thus : — 

8786 

52-1-10 
1864 

*  Most  of  the  S.B.  bronze  guns  and  howitzers  haye  now  been  sold  as  old  metal, 
but  some  of  these  p'eces  stilV  exist,  espedally  in  India  and  in  our  po«ewions  abroad. 
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On  the  left  trannion  were  already  marked  the  manaf acturer's  initials  or 
the  name  of  the  foundry,  the  manufacturing  number,  and  the  year  of 
casting.*  Bronze  ordnance  have  severally  a  register  number  engraved 
in  Roman  letters  on  some  part  of  the  piece,  the  foundry  number  bemg 
underneath,  between  the  trunnions. 


Basiling  or 
Tenting. 


Prooefr?  of 
▼outing  cast 
iron  giins. 


Venting  or  Buthing. 

Prior  to  issae,  a  S.B.  gun  is  vented,  lined  and  sighted. 

Bushing  iron  guns  was  not  the  rule  in  our  service  early  in  this  cen- 
tury, but  in  consequence  of  the  enlargement  of  vent  of  the  unbushed 
guns  used  at  the  sieges  of  1812-13,  experiments  were  carried  out  at 
Woolwich  in  1813  as  to  the  advantages  of  different  bushes.  Copper 
bushes  answered  best,  and  guns  were  ordered  to  be  bushed,  some  with 
iron  and  some  with  copper. 

In  1844  it  was  directed  that  wrought  iron  bushes  only  should  be 
used,f  but  in  1855  this  order  again  was  cancelled,  and  copper  bushes 
have  been  used  since  that  date. 

No  better  material  for  the  purpose  has  yet  been  found,  especially 
when  it  is  hardened  by  hanmiering.  Since  1855,  cast  iron  guns  (except 
9-prs.  and  6-prs.)  have  always  been  bushed  before  issue. 

Bronze  guns  and  howitzers  of  the  present  service  natures  have 
always  been  issued  with  copper  bushes  of  different  sizes  and  descrip- 
tions. Mortars  are  not  bushed  before  issue,  though  some  of  the  latter 
have  been  so  subsequently. 

When  a  gun  is  to  be  bushed  for  the  first  time,  a  cone  vent  is  invari 
ably  used,  but  should  the  metal  round  the  vent  wear  away  in  a  gun  so 
bushed,  the  cone  vent  will  be  replaced  by  a  through  one  or  other  mse 
according  to  the  Regulations  on  that  head,  p.  314. 

The  following  is  the  process  of  venting  a  new  gun :  Throw  the  gun 
with  one  trunnion  up  to  a  convenient  working  position,  and  ^tl  the 
drilling  machine,  place  in  the  vent  a  stiff  wire,  to  ascertain  the  rake  or 
direction  of  tlie  vent.  This  will  show  the  position  for  setting  the  brace 
and  drill.  Drill  right  through  the  metal  with  the  narrow  set  of  drills, 
(as  guns  have  been  frequently  destroyed  by  false  drilling,  wax 
impressions  should  be  taken  frequently  during  the  process,  to  ascertain 
whether  the  workman  is  drilling  straight.)  and  then  with  a  larger  set 
to  within  an  inch  of  the  bore,  viz.,  to  the  spot  where  the  thread  ends 
(the  thickness  of  metal  may  be  conveniently  found  by  using  a  vent 
scraper).    Next  finish  the  cone  with  the  drill  for  the  purpose. 

Remove  the  drilling  machine,  and  turn  over  the  gun  to  prepare  for 
tapping.  In  this  case  the  seven-thread  taps  are  iSways  to  be  used. 
Tapping  is  a  long  and  tedious  process,  requiring  much  care  and  skill , 
it  is  impossible  to  pass  the  first  tap  through,  and  then  the  second,  and 
so  on,  but  the  thread  must  be  brought  to  the  right  size  gradually.^ 

Where  the  thread  ends  there  is  usually  a  little  metal  thrown  up 


*  This  sjBtem  of  marking  was  not  introduced  until  1867,  and  old  guns  are  not 
marked  according  to  any  regular  system  ;  in  many  the  weight  is  engrayed  under  the 
cascable.  On  bored-up  guns  the  new  weight  and  year  of  boring  up  are  on  the  first 
reinforce.    Carronades  are  marked  near  the  eleyating  patch. 

The  Boyal  badge  is  on  the  first  reinforce  of  most  guns  of  all  natures  below  the 
68-pr.,  and  bronze  guns  hare  in  addition  the  monogram  of  the  Master-General  of  the 
Ordnance  on  the  chase. 

t  This  was  done  because  it  was  thought  that  a  galranic  action  was  set  up  between 
the  copper  bush  and  the  iron  gun,  which  caused  their  corrosion.  Experiments  made 
in  1855  proved  that  this  was  not  really  the  case,  and  the  use  of  copper  bushes  was 
therefore  resumed. 

t  It  takes  two  men  four  or  fire  houn  to  tap  a  gun. 
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which  would  prevent  the  copper  bush  from  bemg  screwed  down  pro- 
perly, this  bnrr  must  be  removed  with  a  conical  rimer. 
The  hole  in  the  gun  is  next  cleaned  with  tow,  and  the  copper  vent, 
well  oiled,  is  screwed  in.    The  head  should  not  be  wrenched  off  as  a 
fracture  might  occur  below  the  surface  of  the  metal  of  the  gun. 

The  bush  when  properly  fixed,  will  project  about  a  quarter  of  an  inch 
into  the  bore,  and  about  two  inches  above  the  surface  of  the  gun. 

Take  an  impression  of  the  part  in  the  bore  with  a  mixture  of : 

Bees-wax 
Soft  soap 
Treacle,  • 


ClUVAJT. 


•  • 


4  m 


2  partsi 

1    „      >  Boiled  together. 

1  „  J 


Wax  comi^o- 
sitior. 


M 


This  will  show  whether  the  cone  is  well  home,  or  whether  there  is  a 
space  left  between  the  copper  and  iron. 

If  the  bush  is  home,  proceed  to  cut  off  the  end  in  the  bore.  The 
instrument  employed  consists  of  a  cutting  tool  supported  by  a  metal 
head  at  the  end  of  a  long  bar ;  the  bar  is  kept  in  the  axis  of  the  bore 
by  passing  through  a  collar  fitting  into  the  muzzle,  it  is  worked  from 
side  to  side  by  two  levers,  being  fed  up  by  a  small  screw  at  the  end  of 
the  frame ;  the  spiral  spring  against  the  muzzle  collar  makes  the  knife 
work  regularly.  Care  must  be  taken  not  to  cut  into  the  iron  of  the  gun. 
It  is  probable  tiiat  the  end  of  the  bush  will  not  be  cut  off  quite  flush  at 
first,  so  another  impression  is  taken,  and  if  necessary,  the  knife  must  be 
fed  out  with  a  small  piece  of  tin,  and  the  process  repeated,  as  it  is 
necessary  that  the  copper  and  iron  in  the  bore  should  be  perfectly  flush 
with  each  other.  When  this  has  been  completed  satisfactorily,  remove 
that  portion  of  the  vent  projecting  above  the  surface  of  the  gun  by 
sawing  it  off  about  a  quarter  of  an  inch  above  the  vent  patch ;  chip  a 
little  copper  away  from  the  mouth  of  the  vent  to  prevent  it  becoming 
choked  when  hammered,  chisel  it  also  at  the  edges,  then  hammer  it 
well,  chisel  it  off  flush  and  open  the  mouth  of  the  vent,  then  pass  the 
set  of  rimers  down  one  after  the  other  and  gauge,  and  if  the  gun  is  for 
S.S.,  rime  out  the  mouth  of  the  vent,  tapering  it  from  '28"  at  Sie  top  to 
*22"  in  a  length  of  1  inch.  File  the  surface,  take  another  wax  impres- 
sion of  the  inside,  and  if  all  is  right  the  operation  is  finiahed. 

Cast  iron  ordnance  are  also  marked  over  the  cascable  according  to  Mxtk&  to 
the  nature  of  vent  they  have.  show  nature 

cv-i  **'^*- 

N  >  means  copper  vent,  new  gun,  cone. 

C  V  i 

n  >  indicates  a  cone  vent,  not  new  (gun). 

C  V         „        a  «*  through  "  vent 

The  initial  of  the  out  station  at  which  a  gun  is  re-vented  is  added 
underneath. 

I  y    on  cascable  means  "  iron  vent.*^* 


Lining. 
The  line  of  metalf  is  obtained  as  follows  >m 


Idning. 


OV 

*  Old  guns  may  also  be  foimd  marked  N  **  copper  rent }  new  |  long  cone :  and 

LO 
TV  "  Through  vent." 

t  This  10  a  line  extending  from  the  hue  ring  to  the  swell  of  the  mnzdei  and  lepre* 
flents  the  mtersection  of  the  Bnrfooe  of  the  metal  by  the  yertical  plane  peMing  throng 
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Liue  of  metal. 


The  gun  being  levelled  across  the  trunnions,  a  wood  batten  is  plaoed  in 
the  bore,  so  as  to  project  Qome  distance  from  the  muzzle.  This  batten 
is  painted  white  on  the  upper  surface,  and  bisected  by  a  pencil  line. 

The  upper  surface  is  feyelled  transversely,  and  a  "f*  square  bemg 
placed  upon  it,  the  position  of  the  pencil  line  is  squared  up  against  tl^ 
muzzle  of  the  gun. 

A  wood  straight-edge  is  placed  on  the  top  of  the  gun  against  the 
X  square,  and  the  edge  of  tms  straight-edge  and  the  centre  line  of  the 
batten  are  brought  into  the  same  vertical  plane  by  aid  of  the  eye.  The 
line  thus  obtained  is  slightly  marked  on  the  swell  of  the  muzzle,  and 
also  on  the  base  ring.  The  T  square  is  reversed,  and  the  same  opera- 
tion gone  through  on  the  other  side ;  if  there  is  any  error  there  wUl  be 
two  lines,  and  the  mean  is  taken  as  the  true  one.  The  line  of  metal 
thus  obtained  is  then  cut  permanently  on  the  breech  and  muzzle. 

The  quarter-sight  lines  are  next  marked  on  both  sides  of  the  gnn, 
at  the  breech  and  muzzle ;  they  are  parallel  to  the  axis  of  the  piece, 
but  a  little  above  it,  so  as  to  clear  the  truimions  and  cap-squares  when 
laying  the  gun. 

The  line  of  horizontal  axis  is  then  cut  on  the  breech,  trunnion,  and 
muzzle,  on  the  right  side  of  the  gun.  To  obtain  thi^  hue  the  gun  is 
turned  with  the  right  trunnion  vertical,  and  a  similar  process  is  repeated 
to  that  employed  for  finding  the  line  of  metal. 

Upon  the  right  trunnion  the  line  of  horizoirtal  axis  is  bisected,  and  a 
line  drawn  at  right  angles  to  it. 

Before  the  introduction  of  General  Millar's  sights,  all  cast  iron  guns 
were  laid  by  means  of  a  quarter-sight  scale  from  0  to  3"*  marked  on 
the  base  ring  on  each  side  of  the  gun,  starting  from  the  horizontal  line 
at  zero.  Such  scales  are  now  marked  only  on  L.S.  guns  up  to  32-pr. 
inclusive. 

Millar's  eights.       The  sights  now  used  with  cast  iron  ordnwice*  are  Millar's  sights. 

These  consist  of  a  fore  or  dispart  sight  of  gun  metal  screwed  on  to  the 
gun  in  rear  of  the  trunnions,  on  what  is  termed  the  second  rdnforce, 
and  of  a  half-round  brass  tangent  scalej  sliding  in  a  gun  metal  block, 
which  is  secured  to  the  breech  of  the  gun  by  two  screws. 

Pieces  of  sheet  lead  are  placed  between  the  foresight  and  the  gun 
metal  block  of  hindsight  and  the  gun,  to  assist  in  adjusting  the  sight 
accurately,  and  also  to  prevent  the  heads  of  the  screws  being  broken 

Angle  of  Bight,  off.    In  order  to  clear  the  breech  of  the  gun,  the  scale  of  the  hindsight 

is  at  an  angle  of  76°  and  not  perpendicular. 

The  mode  of  adjustmg  Llillar's  sights  is  given  in  Chapter  XII. 

Short  radiuB.         The  distance  between  these  sights  is  tenned  the  "  short  radius,"  and 

is  given  in  Table  III  for  each  nature  of  gun. 

We  find  that  at  a  certain  point  when  elevating  by  these  sights  the 
muzzle  of  the  gmi  begins  to  interfere  with  ihe  line  of  sight,  and  it  is 
necessary  to  use  the  muzzle  notch  as  the  foresight,  and  to  employ 

Long  radius,     another  hmdsight  graduated  for  the  ^^  long  radius,":|:  as  the  distance 


Quarter-sigLt 
liuci. 


Liue  of  hoiL- 
zoutul  axis. 


Vertical  line. 

Quarter-sight 
scale. 


the  axis  of  the  piece,  when  the  tmnnions  are  horizontal ;  it  is  marked  on  hreech  and 
muzzle.  Similarly  the  line  of  horizontal  axis  is  the  intersection  of  the  surface  of  the 
metal  by  the  horizontal  plana.  It  is  marked  on  light  aide  of  breech,  muzde,  and 
trunnion. 

*  Iron  howitzers  excepted,  whicli  arc  sighted  in  a  sinular  manner  to  bronze  guns. 

t  For  S.S.  this  scale  is  hexagonal. 

X  The  clesranee  angJLe  is  th0  angfe  of  elerotiAn  obtained  when  ihe  taagent  sight  is 
raised,  so  that  the  bottom  of  its  notch,  the  top  of  the  foresight,  and  the  bottom  of 
notch  on  muzzle  are  in  line.  It  is  the  highest  angle  marked  on  the  brasB  tangent 
fiiglit,  for  if  more  elerataasL  be  giv^en  tbe  muzzle  -would  interfeM  with  the  line  of  sight. 

Clearance  aagles,  flud  the  radii  far. the  seyeral  natures,  are  giren  in  Table  IIL 
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between  the  back  of  the  hindsight  and  the  notch  on  the  muzzle  is  tenned.    CHAP.  m. 
For  LuS.  this  other  tangent  scale  is  made  of  wahiut-wood,  and  called         '-'^ 
wood  tangent  scale ;  it  is  graduated  therefore  from  the  clearance  angle 
up  to  the  extreme  elevation  (10"  or  so),  the  divisions  being  calculated  ]?S?^^*^^* 
to  the  long  radius  as  <lie  gun  must  be  lud  by  the  muzzde  notch.  ■°*'**^^»^- 
It  has  also  a  degree  bobiIq  m>m  zero  to  the  dearanoe  angle,  the  same  ^^^^^^Bamoe 
as  that  on  the  brass  tangent  scale,  and  there  is  a  jaxa  scale  from  ^^^' 
pointblank  to  extreme  range. 

At  the  back  of  the  scale  is  a  braes  st^le  whidi  fits  on  the  head  of 
the  brass  scale  when  fully  elevated,  and  at  the  bottom  is  a  brass  plate 
shaped  so  as  to  sit  steadily  on  the  hindsight  block. 

For  S.S.  longer  scales  sliding  in  the  same  block  as  the  tangent  sight  Long  tangent 
are  used ;  they  are  either  of  brass  or  wood,*  and  are  issued  in  sets  of  han  for  &S. 
one,  two,  or  three. 

With  bronze  ordnance  a  half  round  brass  tangent  scale  is  used,  Tangent 
which  works  in  a  socket  drilled  in  the  metal  of  the  gun  at  the  breech.  ^^  for 
This  socket  is  fitted  with  a  spring,  and  the  scale  bus  a  small  stud  at  ^'^^^  ^^' 
the  bottom  which  prevents  it  being  removed  altogether  from  the  *""^°®' 
socdcet  unless  the  spring  is  first  taken  out.    The  scale  is  clamped  by  a 
comer  set  screw,  which  is  a  separate  store. 

For  S.S.  the  scale  has  a  high  head,  so  as  to  dear  the  head  of  the  High  head  for 
friction  tube.  S'^* 

The  notch  on  the  muzzle  of  the  piece  serves  as  a  foresight  with 
bromze  ordnance. 

Quarter-sight  lines  are  marked  on  both  sides,  and  some  old  bronze 
guns  have  quarter-sight  scales  as  well. 

For  82-prs.  of  32  cwts.  and  25  cwts.,  and  also  for  24r»pr.  bronze  Wood  side 
howitzers  mounted  on  S.S.  caiTiages  with  elevating  screws,  a  wood  side  scales 
scale  is  used.  This  is  graduated  from  0  to  12°  downwards,  and  -6'' 
upwards.  Elevation  and  depression  can  be  given  by  means  of  it  in 
C(Hmection  with  the  ship's  pendulum  when  smoke,  &c.  prevent  the 
regular  sights  being  used,  the  scale  being  cut  so  that  when  placed  on 
the  steps  of  the  carriage  and  held  upright,  the  zero  of  its  gradation 
coincides  with  the  axis  of  the  gun  when  the  latter  is  horizontal,  the  ship 
being  on  an  even  keel 

With  other  S.S.  guns  graduated  coins  are  employed  instead  of  this  Graduated 
scale.  coins. 

Small  Stores, 

In  addition  to  sights  and  vents  the  following  storeB  for  S.B.  ordnance  Small  stores* 
are  furnished  by  the  R.Gr*F. 

Priming  iron  or  pricier 

Yeut  punches         •  •  . .  ^Specially  lor  land  service 

Lead  aprons.. 

Bit,  vent     . . 

Priming  wire 

Friction  tube  pins  .  •  •  •  ^Spedally  for  sea  service. 

Guide  plates 

Ship's  pendulums 

Vent  plugs 

Spikes 


•    0 


•    •  0    • 


•  They  ore  supplied  for  the  10"  gun  of  86  cwt.,  8"  of  60  or  65  cwt.,  68-pr.  of  95 
cwt.,  32  prs.  of  58  or  56  cwts.  Long  wood  slides  differ  from  the  foregoing  oulj  in 
the  material  used. 
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Ij.S.  storef. 
Prixmngiron 
or  pric£ar. 

Vent  punches* 
Lead  apronB. 


S.S.  Btorss* 
Priming  wire, 
aiid  bit. 
Friction  tube 
pin. 


Guide  plate. 


Ship's 
pendulum. 

Vent  plug. 


Wrench. 


Spikes. 

Common 
spikes. 


Spring  spikes. 


The  pricker  is  a  rod  of  iron  pointed  at  one  end  and  with  a  ring  at  the 
other,  for  garrison  service  12  inches  long,  and  for  field  7-^  inches. 

Vent  punches  are  for  cleaning  the  vent  from  any  hard  substance 
which  cannot  be  removed  with  the  priming  iron.  They  are  of  steel, 
and  have  a  strong  round  head,  so  as  to  beiEir  hammeriiig.  There  are 
four  sizes,  varying  in  length  from  3  to  14  inches. 

Lead  aprons  are  small  pieces  of  sheet  lead  for  protecting  the  tangent 
scale  and  vent  of  howitzers  and  bronze  guns  when  mount^  or  in  store. 
There  are  two  sizes  of  aprons,  large  for  iron  howitzers,  and  small  for 
bronze  ordnance. 

In  the  Navy  the  pricker  is  termed  the  ''  priming  wire.**  A  bit  is  also 
used,  but  it  is  not  connected  with  the  priming  wire. 

The  head  of  the  S.S.  quill  friction  tube  is  supported  by  a  friction  tube 
pin,  which  consists  of  a  piece  of  steel  threaded  on  the  lower  portion  and 
formed  above  into  a  small  pin.  It  is  screwed  into  the  gun  to  the  left 
front  of  the  vent  in  cast  iron,  and  to  the  right  front  in  bronze  guns. 

To  insure  direct  action  the  lanyard  passes  rearwards  through  a  guide 
plate.  This  is  a  small  iron  plate  with  cross-heads  on  top  and  hole  for 
lanyard,  having  also  a  slot  near  lower  end  for  the  screw  which  secures 
it  to  the  sight  block.  That  used  with  mortars  is  cylindrical  and 
threaded  at  the  lower  end,  and  screwed  into  the  body  of  the  piece. 
The  cross-head  serves  to  loop  the  lanyard  over. 

A  pendulum  is  used  to  show  the  angle  at  which  the  vessel  is  heeling 
over  on  the  lee  side,  so  that  the  necessary  allowance  may  be  made  in 
elevation  when  laying  guns  by  the  wood  side  scale  or  graduated  coin. 

A  vent  plug  consists  of  a  vulcanized  disc  of  india-rubber,  with  a 
leather  stem.  It  is  employed  for  protecting  the  vents  of  mounted 
guns. 

The  wrench  for  sight  screw  and  friction  tube  pin  is  a  small  iron 
instrument  with  four  arms,  one  of  which  is  a  wrench  for  sight  screws, 
another  a  tumscrew,  a  third  a  friction  tube  pin  vnrench,  and  the  fourth 
a  tommy. 

There  are  two  sorts  of  spikes,  common  and  spring. 

The  common  spike  is  a  conical  piece  of  hard  steel  about  three  inches 
long.  When  it  is  desirable  to  disable  a  gun  for  some  time,  a  common 
spike  is  to  be  hammered  into  the  vent,  and  the  top  broken  off.  For  the 
purpose  of  re- venting  a  gun  thus  spiked,  two  hollow  drills  are  supplied, 
with  the  venting  tools. 

A  gun  may  be  temporarily  rendered  ineffective  with  a  spring  spike, 
which  consists  of  a  steel  rod  with  a  flat  head  at  the  top  and  a  spring 
near  the  bottom,  so  that  when  the  end  has  passed  into  the  bore  the 
spring  acts,  and  the  spike  cannot  be  removed  till  the  spring  is  pushed 
back.  If  the  gun  is  likely  to  be  recaptured,  the  spike  should  therefore 
be  inserted  with  the  spring  towards  the  muzzle,  and  on  this  account 
there  is  a  little  notch  on  the  edge  of  the  head  to  show  the  side  the  spring 
is  on,  so  that  it  may  be  pressed  back  by  the  ranmier. 

For  L.S.  there  are  four  lengths  of  spring  spikes,  11*4,  8*5,  6*3,  and 
3'6  inches.  The  Navy  are  supplied  only  with  the  shorter  nature  for 
field  guns. 
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TABLE  III. 


List  A* 

Table  showing  the  Weights,  Lengths,  Calibres,  Radii  for  Sighting,  &c.,  of  the  Cast 
Iron  and  Bronze  Ordnance,  which,  according  to  the  O.S.C.,  List  A.  are  to  be 
RETAINED  in  the  Service. 


It 

S  fee 

Nominal 
Length. 

• 

1 

ItadU. 

a  « 

By  whom 

Katare  and  Serrioe. 

\i 

and  when 
introduced. 

Bemarkflh 

Short. 

Long. 

Cwt. 

Ft.  In. 

Int. 

Int. 

Inn. 

DegB. 

nO-hi.  L.S.  A  S.S. 

•  •• 

80 

9    4 

10  0 

56  0 

114*82 

5H.M. 
6iLM. 

Dunda«i  1816 . 

Two  pattemt. 

c 

65 

9    0 

8*05 

66  0 

112*23 

^k 

HiUaTi  1834. 

8-itt.  L.S.  dk  S.S. ... 

\ 

60 

8  10 

8-05 

56*0 

110*226 

5 

MlUari  1881. 

\ 

54 

8    0 

8  05 

48-0 

100-715 

5 

Dundaa,  1S40. 

68-pr.  L.S.  only  ... 

m— 

112* 

10  10 

8  12 

;.9*8 

132-4 

4* 

Diuida«|  1841. 

II       Irf.SS.  w  9.O.  ... 

•  •• 

95 

10    0 

8-12 

68*0 

122-1 

5 

DundaSi  1846. 

42-pr.  L.S.  onlj  ... 

' 

84* 

10    0 

6-97 

56-6 

121-5 

4| 

Monki  1843. 

67» 

9    6 

6-93 

54*3 

118-0 

4 

Dundaa. 

S2-pr.  L.S.  only   ... 

•  •• 

03 

9    7 

6-41 

55-5 

116-6 

4 

Millar. 

II     L.S.  A  S.S. 

«•■ 

58 

9    6 

6*375 

55  0 

117-895 

4 

l>undaii  1847. 

II      L  S.  ft  S.S. 

«•• 

56 

9    6 

6-41 

65  0 

112*81 

4 

Blomeflcld. 

If        Xrf.9.  w  S«9.|  A. 

•  •• 

50 

9    0 

6-875 

50-0 

106-25 

5 

Honki  1838. 

,1      L.S.  it  S.S.,  B. 

•  •• 

45 

8    6 

6*35 

48*0 

103-625 

5 

Mook,  1838. 

1,      L.S.  ft  S.S.1  C. 

•  •• 

42 

8    0 

6-35 

46-3 

97-62 

5 

Honk,  1S38. 

,.     L  S.  only   ... 

•  •• 

48&50 

8    Ot 

6-41 

50*0 

97-0 

M 

Blomeflold,  Mil- 

lari  ft  Dickion. 

„     L.S.  onlj  ... 

••• 

40 

7    6t 

6-35 

40-5 

851 

7 

Congrcre 

Bored  up  in  1830,  from 

24-pr.  of  42  cwt. 
Bored  up   in   1830,  from 

If     L.S.  only  ... 

•  •« 

89 

7    6t 

6-375 

43-0 

89-8 

5 

Blomcfleld    ... 

• 

2t-pr.  of40cwt. 

S 

,1     L.S.  ft  S.S. 

•  ■• 

82 

6    6 

6-3 

39  0 

78*0 

n 

Blomeflcld    ... 

Bored  up  in   ]83?|  fro:n 

9 

24-pr.  of  38  cwt. 

1- 

II     L.S.ftS.S. 

■  «• 

25 

6    0 

6-8 

36-5 

74*0 

6 

DundaSi  1845 . 

Has    only     two     maul 

mouldings. 

»-l 

( 

50 

0    6 

5-623 

54*6 

112-75 

4 

Blomcfleld. 

1 

24-pr.  L.S.  only  ... 

\ 

48 

»    Ot 

5*823 

51-5 

107*0 

4 

Blomeflcld. 

X 

20 

6    0 

5-823 

34-0 

70*75 

5 

Blomeflcld    ... 

Bored  up  from  12-pr.|22cwt. 

18-pr.  L.S.  only  ... 

42 

9    0 

5-292 

51-5 

107*0 

4 

Blomeflcld. 

88 

8    Ot 

5  292 

46*6 

95-75 

4 

Blomcfleld. 

„     S.S.  drill    ... 

* 

20 

6    0 

51T 

34  0 

70*75 

5 

Dlckaon        ,.. 

Bored  up  from  12-pr.,22cwt. 

15 

6    6 

5*17 

30  0 

65-25 

6 

Dickion 

Bored  up  from  9-pr.|  1 7  cwt. 

12-pr M 

X 

84 

9    0 

4-623 

51-0 

107-5 

4 

Blomeflcld. 

88 

8    6 

4*62 

48*5 

101*2 

4 

Blnmcflcld     ... 

For  drill  and  saluting. 

0-pr.        «..       ... 

■\ 

28 

8    6 

4  2 

48*0 

M-25 

4 

Blomeflcld. 

21 

7    0 

4-2 

41-0 

84*1 

4 

Blomeflcld     ... 

For  saluting. 

G-pr.        ...       ... 

•■• 

17 

6    0 

3-668 

85-5 

72  0 

41 

Blomcfleld     ... 

For  drill  or  saluting. 

(-ee-pr. 

••• 

86 

5    4 

806 

80-0 

... 

-) 

Cant>nodo.   ]«:?;; 

22 
17 

4    5 
4    0 

6*84 
6-25 

25-0 
23-0 

— 

— 

Cl779. 

■ 

(.24-pr. 

«•• 

18 

3    8 

5-68 

20-5 

— . 

.. 

) 

C  10-in.  L.S. 

42 

5    0 

10-0 

... 

60-8 

.— 

BliUar,  1852 

HowlUers  <     only 

l8-ln. 

•■• 

22 

4    2 

8-0 

— 

48-0 

.— 

Mlllari  184^2. 

r 

( 

100 

5    4 

13-0 

— 

_ 

— 

N.P.,  1857. 

13-in.  S.S. 

\ 

100 

4    5 

13-0 

_ 

_ 

—. 

O.P.orBlomefld. 

X 

81 

3    2 

13-0 

— 

_ 

—. 

^MoTtan  A  IS-In.  L.S. 

•  «• 

86 

3    4 

13*0 

— - 

~ 

_ 

Millar. 

10-in.  S.S. 

•  •  • 

62 

8  10 

10  0 

— 

—. 

.._ 

Blomcfleld. 

10-in.  L.S. 

••« 

18 

2    5 

10*0 

— 

— . 

—. 

Millar. 

^  8  In.  LS. 

••• 

9 

2    2 

6*0 

_ 

— 

• 

MUlar. 

ri2-pr.  L.S. 

••• 

18 

6    6 

4-628 

_ 

78  1 

— 

9-pr.  L.S. 

•  «• 

13 

6    0 

4-2 

_ 

71  0 

_ 

''  Gnnfl   ' 

6-pr.  L.S, 

•  •• 

6 

5    0 

3-668 

_ 

59*6 

_ 

a-pr.  L.S. 

• 

3 
2i 

4    0 
8    0 

2-91 
2  "91 

* 

47 -6C 
35  5 

^^ 

r82-pr.  L.S. 

••« 

17 

5    3 

6-3 

— 

62  5 

— 

DnndaSi  1840. 

S 

24-pr  L.S. 

••» 

13 

4    8 

5-72 

— 

56  0 

— 

Millnr. 

Howit-      24rpr.  S.S. 

«•• 

13 

4    8 

6-72 

... 

66  0 

_ 

Millar. 

2 

xci8.    '  12-pr.  LS. 

•  •• 

6 

3    9 

4-58 

_ 

45-0 

— 

Millar. 

m* 

12-pr.  S,S. 
L4j-tn.  L.S. 

«•■ 

6 

a   9 

4-58 

__ 

45-0 

— 

Millar. 

•  •* 

2\ 

1  10 

4-52 

— 

22-5 

—. 

1738. 

Cocbom. 

•  •• 
at« 

•J 

1    3 
I    I 

5-62 
4-52 

— 

— 

1742. 
1733. 

Royal. 
Goehora. 

(c.o.) 


*  Retained  only  until  the  few  that  now  remain  arc  superseded  by  Rifled  Cnni. 
t  These  guns  have  been  issued  in  large  numbers  for  the  Volunteer  scnri^c. 
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TABLE  IV.* 

List(B.)  of  Cast  Ibon  Ordnance  to  be  Abolished,  but  which  are  to  be 
retained  on  the  Works,  if  they  are  mounted  at  any  station,  until 
replaced  by  other  pieces,  which  will  be  done  when  the  carriages 
are  worn  out,  if  not  sooner.  (See  par.  1,140  (Changes  inpaiterm^ 
1st  January  1866). 


TSItmt. 

Nominal 
Weight. 

Ltngth. 

Bemarb. 

Cwt8. 

ft.    in. 

r 

'• 

84 

9    4 

Millar. 

lO-inch    . . 

. .         • .  * 

62 

8    4 

Millar.!  Only   a   few   were 
>-     made  for  experi- 

^ 

67 

7    6 

Millar.        ment. 

8-inch    . . 

•  •         •  •  ^ 

63 
+59 

9    0 
6    9 

Millar. 
Millar. 

68-pr.       • . 

• .         . « 

83 

9    6 

Dandiii. 

56-pp. 

.  •         • .  ^ 

+97 
+S7 

11     0 
10    0 

Monk. 
Monk. 

42-pr 

.  •         •  • 

75 

10    0 

Monk.    Barelj  met  with. 

■ 

46 

9    0 

Bored  up. 

> 

41 

8    0 

Bored  up. 

32-pr.      . . 

.  •         •  •  * 

37 

7    6 

Bored  up. 

• 

25 

6    0 

Bored  up. 

S.S. 

..     25 

5    4 

Dickson. 

C 

> 

43 

8    0 

Blomofield. 

g. 

41 

7    6 

Congrore. 

g 

rt  4    

» •         ■  •  * 

40 

7    6 

Blomeficld. 

1^ 

24rpr. 

88 

7    6 

Congreve. 

8 

83 

6    6 

Blomeficld. 

^ 

^ 

18 

5    0 

Dickson. 

r 

40 

9    0 

Blomefield. 

io 

J 

82 

6  10 

Blomeficld. 

18-pr. 

*»      • '  1 

27 

6    0 

Blomefield. 

I 

22 

7    0 

Blomeficld. 

»9                               •    •      ^ 

29 

7    6 

Bbmefield. 

12-pr.      . . 

24 

6    0 

22 

6    0 

Bored  up  from  9-pr, 

^\ 

■ 

26 

7    6 

9-pr. 

..   ' 

17 

5    6 

'f 

23 

+22 
21 

8    6 
8    0 
7    6 

^  6-pr. 

•  •               .  •   ■ 

19  or  20 

7    0 

18 

6    6 

11 

4  10 

6 

8    6 

•  18-pp. 

+10 

3    4 

• 

Xarronades 

..  -  12-pr. 

+  6 

2    8 

§ 

6-pr. 

5 

2    9 

. 

^  ^  Howitzer,  24-pr.  or  5i""  . . 
S                          r  EprouYctte. 

+16 

81 

3    4 
1     5 

Has  a  cjlindricol  chamber. 

O 

|^Mortai9,8"H 

o.p.  ..  1 

8 
9 

1  10 
1    9 

•  This  list  is  based  on  the  rarity  or  inferiority  of  the  pieces  it  contains. 
+  These  pieces  ore  to  be  foimd  .in  the  rocabulary  of  stores  published  by  tlie 
Oiduance  Store  Department,  because  they  still  exist  in  the  armaments. 
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CHAPTER    IV. 

BRIEF  HISTORY  OF  THE  RIFLED  ORDNANCE  IN 

THE  BRITISH  SERVICE. 


Kecesflity  for  Bifled  Ordnanoe. — ^Wlij  rifled  guns  were  not  earlier  emplojed.— 
Principal  inrentions  with  rifled  pieces,  1615  to  1S51. — ^lAncaster  guns. — Krupp 
gons. — Comparatire  acciiracy  of  S.B.  and  rifled  pieces. — Experiments  as  to 
strengthening  existing  S.B.  ordnanoe. — ^Armstrong  and  Whitworth  systems. — 
AnnstronflT  System  adopted  1859. — 64-prs.  M.L.  introduced. — Armstrong 
and  Whitworth  Committee,  1863. — E.M.L.  v.  B.B.L.  guns. — ^Advantages  in 
fiiTOur  of  B.M.L. — Manufacture  of  guns  for  India,  1868. — Bxonxe  ordnance 
discontinued. — Special  Committee  of  1870. — Wrought  iron  M.L.  gun  with  steel 
tube  recommended. — Comparatire  ralue  of  English  and  foreign  field  guns, 
1860-1. — Abolition  of  the  B.L.  System. — Introduction  of  B.3C.L.  9-prs. 
and  12-prs.,  1870. — French  modified  system. — 16-pr.  M.L. — Comparative 
trial  of  British  and  Foreign  guns,  1872. — ^French  trials. — 25'pr.  B.M.L. — 
Okehampton  experiments,  1875. — ^New  armaments  of  Germany,  France. — 
Companttire  value  of  English  and  Foreign  field  guns,  1876. — ^Bzperlmental 
12-pr8.y  1876. — ^Mountain  and  boat  guns. — Ghms  of  position  and  siege  pieces. 
— Guns  for  secondary  purposes  of  defence. — ^Heavy  guns. — 80-ton  gun  introduced, 
1876. — Its  projectile,  charge,  velocity,  and  penetrative  pow^. — Besimic  as  to  our 
service  rifled  ordnance. 


The  general  adoption  of  rifled  small  arms,  about  1855,  necessitated  the  Necessity  for 
introduction  of  rifled  ordnance,  in  order  that  Artilleiy  might  still  retain  rifled  ord- 
its  superiority  over  Infantry,  and  remain  as  before  the  principal  arm  t^^^<^»  ^856. 
in  the  field,  which  certainly  would  not  be  the  case  if  an  enemy's 
skirmishers  had  the  power  of  placing  a  battery  hors  de  combat  before 
its  guns  could  be  brought  into  action  with  effect  upon  the  advancing 
columns  from  their  limited  range. 

To  supply  this  great  want  in  warfare,  involved  a  complete  refor- 
mation in  the  architecture  of  Artillery,  which  had  been  almost  at  a 
standstill  since  the  time  of  the  Tudors,  for  although  modifications  had 
been  occasionally  made  in  the  manufacture  of  ordnance,  the  general 
principles  of  constraction  remained  unaltered.  Anyone  who  examines 
the  old  guns  in  the  Tower  of  London,  or  in  the  Museum  of  Artillery 
at  Woolwich,  may  see  that  they  are  of  the  same  genus  as  the  smooth- 
bores which  still  exist  in  our  Service,  and  even  notice  some  specimen9> 
quite  as  soundly  and  as  artistically  cast  as  any  of  those  of  the  present 
century,  nay  more,  he  may  infer  that  oar  existing  S.B.  guns  can  scarcely 
be  superior  to  their  prototypes  in  range-power,  or  susceptibility  to 
rifling. 

It  is,  however,  worthy  of  note,  that  this  stagnation  in  the  construction  Why  rifled 
of  ordnance  was  not  to  be  attributed  to  ignorance  of  the  theories  of  guns  were  not 
gunnery,  but  to  the  backward  state  of  metallurgy  and  mechanism,  for  produced 
(CO.)  p  2  ^^^<^'- 
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•  fTfTAP.  lY.    professional  as  well  as  amateur  artillerists  have  even  at  remote  periods 
*—         miderstood  the  value  of  rifled  guns,  but  their  endeavours  to  obtain  them 
were  rendered  abortive  by  the  want  of  suitable  materials  and  proper 
machinery.* 

Principal  *  The  f olloTdng  is  a  list  of  the  principal  home  and  foreign  inrenton  and  inventions 

intentions  up  to  1858,  as  giren  by  Major  Stoney  and  Capt.  Jones,  R. A. 

with  rifled  The  names  of  the  English  inyentors  were  selected  out  of  nearly  200  whose 

pieces  from       proposals  are  describ^  in  '*  MS.  notes  on  the  various  designs  for  elongated  pro- 

1615  to  1831.    **  jectiles  for  smooth  bore  and  rifled  guns,  which  have  been  from  time  to  time  con- 

*'  siderod  by  the  Ordnance  Select  Committee  down  to  1858,"  compiled  from  the 

records  of  tne  Committee  by  Lieut-Colonel  (now  Major-Genend)  A'  Ot.  Burrows, 

Boyal  Artillery. 

For  the  foreign  inventors  an  able  paper  by  Captain  B.  A.  Scott,  B.V.,  published 
in  21st  number  of  Vol.  VI.  "  Journal  of  the  Boyal  United  Serrice  Institution,"  was 
utilized : — 

In  the  Arsenal  of  St.  Petersburg  is  a  gun  2}  inches  in  diameter,  and  62  inches  in 
length  of  bore,  which  was  rifled  in  nine  grooves  in  1615. 

In  1661,  the  Prussians  experimented  at  Berlin  with  a  gun  rifled  with  IS  shallow 
grooves. 

In  1696,  the  elliptical  bore  was  known,  and  had  been  tried  in  various  parts  of 
Germany. 

In  1745,  the  date  at  which  Bobins  was  experimenting  in  Bng^d,  the  Swiss 
already  possessed  small  rifled  pieces. 

1774,  Experiments  with  elongated  projectiles  fired  from  a  6-pr.  S.B.  gun  were 
carried  on  at  Woolwich  by  the  "  Militaiy  Society."  (This  Committee  existed  pre- 
vious to  the  formation  of  the  **  Board  of  Officers,"  which  was  succeeded  by  the 
Ordnance  Select  Committee.) 

1776.^  Dr.  PoUok  proposed  elongated  shot  for  smooth-bore  pieces. 

1790.  Mr.  Wiggins  made  designs  of  a  rifled  gun  and  belted  proiectiles. 

1808-1806.  Proposals  by  Messrs.  Daries,  Barlow,  Spencer,  Eckhart,  &c.,  were  con- 
sidered by  the  Bocurd  of  Officers. 

1816-1819.  M.  Ponchara,  a  distinguished  French  Artillery  officer,  was  making 
various  experiments  with  an  old  gun  which  he  had  rifled  with  13  grooves. 

1820.  Captain  Cullen,  B.M.  Artilleiy,  proposed  cylindrical  sheUs  filled  vrith  bullets 
without  any  bursting  charge. 

1821.  Lieut.  Croly,  h.p.  81st  Begiment,  proposed  B,L.  cannon  and  lead-coated 
projectiles. 

1823-32.  Lieut.  Norton  proposed  explosive  shells,  and  a  rifled  gun. 

1826.  Experiments  Avere  made  with  some  cylindro-conical  percussion  shells,  de- 
signed by  Lieut.-Colonel  Miller,  of  the  Bifle  Brigade. 

1833.  M.  Montigny  of  Brussels  invented  a  breech-loading  rifled  piece. 

1842.  Colonel  Treullie  de  Beaulieu  first  presented  to  the  French  Government  his 
plan  for  rifling  M.L.  guns,  with  a  few  large  grooves  for  studded  projectiles,  which  was 
afterwards  adopted  in  a  modified  form,  and  is  now  known  as  the  French  system. 

1845.  Major  Cavalli,  a  Sardinian  officer,  invented  a  breech-loader  (submitted  to 
Ordnance  Select  Committee,  1850),  rifled  with  tnoo  grooves,  for  a  ribbed  shot ;  his 
guns  were  used  at  the  Siege  of  Gaeta  in  1860. 

1846.  The  Swedish  Baron  Wahrendors  proposed  the  system  of  using  lead-coated 
projectiles  with  shallow-grooved  breech-loaders.  He  also  tried  the  Cavalli  projectile, 
and  rifling  with  guns  closed  at  the  breech  on  his  own  plan,  whilst  lieut.  Engstroem 
of  the  Swedish  Navy  affixed  hard  wood  bearings  or  buttons  to  an  iron  projectile. 
Wahrendorf  s  and  ISngstroem's  designs  were  submitted  to  the  Ordnance  Select  Com- 
mittee in  1855. 

1852.  H,B.H.  Prince  Albert  proposed  a  concussion  shell.  Lord  Clarence  Paget  a 
rifled  projectile,  Lieut.-Colonel  Stevens,  B.M.  Artillery,  a  plan  for  rifling  13-inch  sea 
serrice  mortars ;  Mr.  Mallet  an  improved  form  for  rifling  cannon  shot  and  shell. 

In  1853  proposals  were  submitted  to  the  Ordnance  Select  Committee  by  Lieut.- 
Colonel  Gknnt,  Captain  Norton,  Captain  Jodrell  Leigh,  Signer  Verga,  &c.,  &c.,  &c. 

In  1854,  by  Major  Parlby,  Mr.  Lancaster,  Admiral  Duff,  Quartermaster-Seijeant 
Macbay,  B.A.,  Major  Parsons,  Major  the  Hon.  W.  Fitzmaurice,  Major  Yandeleur, 
BJL.,  Lord  W.  Fitzroy,  Mr.  G.  Nasmyth,  Captain  Anson,  B.A.,  Mr.  Hadden,  Mr. 
(now  Sir  W.)  Armstrong,  Mr.  Alfred  Jeffery,  &c.,  &c.,  &c. 

1855.  Captain  Blakeley,  B.A.,  patented  his  method  of  forming  guns  of  an  internal 
tube  with  cast  iron  or  steel  rings,  heated  and  shrunk  over  it,  and  Sir  J.  Woodford, 
Captain  Fowke,  B.E.,  Messrs.  Goddard,  B.  Britten,  Underwood,  Skelton,  &c.,  and 
the  Bevs.  J.  Bramball  and  B.  Potter,  brought  forward  various  designs. 
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Such    then  being  the  state  of  the  case    it  was  fortunate  for  the    CHAP.  lY. 

ascendancy  of  Artillery  that  recent  years  should  have  seen  immense         

progress  in  the  science  of  metallurgy  and  in  mechanical  appliances.  It 
is  only  of  late  that  the  manufacture  of  cast  steel  as  a  material  for  rifled 
ordnance  has  made  rapid  way  whilst  the  difficulties  which  used  to  attend 
the  forging  of  wrought  iron  in  large  masses  were  so  great,  that  until 
the  comparatively  recent  introduction  of  steam  hammers  it  would  not 
have  been  possible  to  forge  our  modem  monster  guns.  We  now  have 
also  machines  so  perfect  and  easily  manipulated,  that  we  are  able  to 
ensure  the  dimensions  of  our  guns  being  tme  to  gauge  even  to  such 
minute  limits  as  one-thousandm  of  an  inch. 

Owing  to  these  facilities  rendering  the  manufacture  possible,  rifled 
guns  began  to  be  introduced  in  large  numbers  into  the  Service  in  1859, 
and  since  that  date  each  year  has  seen  great  improvements  in  their 
manufacture. 

Commencing  in  1856  with  the  Lancaster  rifling  (which  was  soon 
abandoned),  in  a  few  cast  iron  guns  we  subsequently  introduced  (1859) 
KB Ji.  on  the  Armstrong  system  for  field,  siege,  and  heavy  guns.  In 
1864  the  introduction  of  our  present  R.M.L.  guns  commenced,  and  we 
are  still  proceeding  with  the  manufacture  of  these  guns,  but  with  ever 
increasing  improvements  in  the  construction  of  the  guns  themselves, 
in  the  methoos  of  rLQing,  the  natures  of  sights,  and  all  other  details 
connected  with  them. 

In  the  following  pages  is  given  in  detail  a  short  historical  precis  as 
to  rifled  ordnance,  field,  siege,  and  heavy,  showing  how  we  have 
steadily  and  rapidly  pushed  forward  in  the  path  of  progress. 

Introduction  of  Rifled  Field  Guns. 

In  the  lull  which  succeeded  the  Crimean  campaign.  Napoleon  III.  Steps  taken  by 
turned  his  attention  to  the  rifled  artillery  problem,  and  came  to  the  ^^^  Continen- 
conclusion  that  the  readiest  mode  of  solving  it  would  be  to  rifle  his  ^  po^<^»- 
bronze  field  guns  on  Colonel  Treuille  de  Beaulieu's  plan,  and  at  the 
battles  of  Magenta  and  Solferino,  in  1850,  some  of  these  rifled  field 
batteries  were  used  by  the  French  with  great  effect. 

About  this  date  (1859)  all  the  great  powers,  anxious  to  provide  Bifledguns 
themselves  with  riflecl^eld  armaments,  tried  various  systems,  both  of  used  by  France 
B.L.  and  M.L.  guns,  and  the  example  of  France  in  utilizing  her  S.B  in  1859. 
bronze  guns  for  the  manufacture  of  rifled  field  pieces  was  sooner  or 
later  foUowed  by  aU  the  Continental  powers,  Prussia  excepted ;  England, 
however,  used  other  materials,  while  the  Northern  Kingdoms  of  Den- 
mark, Sweden,  and  Norway  retained  cast  iron. 

Prior  to  the  advent  of  rmed  guns,  it  had  been  frequently  proposed  in 
Prussia  to  employ  a  lighter  and  stronger  metal  than  bronze  for  field 

1856.  General  Timmerluuis  of  the  Belgian  Artillerr  invented  a  wad  which  by 
talcing  the  rifle  grooTee  gave  rotation  to  the  elongated  shot. 

1857.  Mr.  (now  Sir  Joseph)  WMtworth  submitted  his  system  of  ordnance. 

In  ^ort,  it  appears  from  the  records  of  the  Ordnance  Select  Committee  that  up  to 
1855,  experiments  had  been  made  with  rifled  guns  and  projectiles  for  half  a  centui^  in 
this  country,  but  Ti'ithout  any  satisfactoi^  result.  Tne  projectiles  tried  were  reiy 
numerous,  most  of  them  were  intended  to  be  fired  from  AjB.  |ieces,  the  necessary 
rotation  being  obtained  either  by  the  action  of  the  gas  in  the  gun,  or  of  the  air,  on 
thepeculiar  shape  of  the  shot. 

Tjie  remainder  were  generally  fired  from  special  oast-iron  0-prs.  rifled  with  foor 
grooves,  making  a  quarter  turn  in  the  bore.  {Specimens  of  those  experimental  projec- 
tiles are  preserred  in  the  Boyal  Arsenal ;  officers  desirous  of  inrenting  a  new  auot  or 
•hell  axe  recommended  to  examine  previously  this  heterogeneous  collection. 
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gans,  in  order  to  increase  their  mobility.  Between  1844  and  1855 
several  steel  S.B.  field  pieces  were  mannfactured  for  trial,  both  at 
Bochum  and  also  by  Messrs.  Krupp  at  Esaen,  and  on  account  of  the 
good  results  given  by  these  guns,  an  experimental  committee  actually 
prepared  designs  in  1857  for  a  service  2S.B.  steel  gun  of  12  centimetre 
calibre,  and  to  fire  charges  of  between  3^  and  4-^  lbs. 

When,  therefore,  it  became  evident  tfiat  rifled  guns  must  take  the 
place  of  smooth-bores,  and  that  a  new  armament  had  to  be  provided, 
Prussia  was  naturally  ready  to  adopt  for  that  armament  a  metal  which 
had  been  proved,  even  for  the  old  guns,  to  be  better  than  bronze.  The 
enterprising  firm  of  Krupp  completed  in  1856  a  9c.m.  (8'2-inch)  rifled  B.L. 
steel  gun,  according  to  the  designs  of  an  artillery  committee,  which 
was  considered  so  satisfactory,  that  in  1859  steel  was  definitely  adopted 
by  the  Prussian  authorities  as  the  material  to  be  used  for  the  new  field 
guns ;  this  material,  as  well  as  the  B.L.  construction  on  one  svstem  or 
another,  has  ever  since  been  employed  by  this  Power,*  with  partial 
exceptions. 

In  England  bronze  was  not  considered  of  adequate  strength,  and  the 
distinguished  engineer,  Sir  W.  Armstrong,  having  constructed  a  rifled 
gun  of  wrought  iron  as  early  as  1854,  and  having  matured  a  satis- 
factory method  of  manufacture  of  B.L.  guns,  his  system  was  adopted 
to  satisfy  the  imminent  necessity  that  existed  for  an  immediate  supply 
of  rifled  field  pieces.  His  earlier  guns  were  made  entirely  of  wrought 
iron,  but  many  of  the  later  Armstrong  field  guns  have  steel  barrels.f 

Before  adopting  this  system  our  own  authorities  carried  on  careful 
and  extensive  experiments  with  vnrought  iron  rifled  B.L.  guns,  con- 
structed by  Mr.  (now  Sir  W.)  Armstrong,  whose  system  was  brought 
to  official  notice  in  1854,  when  a  few  guns  were  ordered  for  trial. 

The  first  of  these,  a  8-pr.  was  delivered  in  July  1855,  and  reported 
on  favourably  by  the  Ordnance  Select  Committee,  who  desired  to  make 
f  iu*ther  experiments. 

A  5-pr.  and  18-pr.  on  Sir  W.  Armstrong's  system  were  subsequently 
tested  at  Newcastle  and  Shoeburyneas  respectively ,and  Pgave  very  good 
results,  showing  that  they  exceeded  existing  S.B.  pieces  of  similar 
calibre  in  strength,  power,  and  precision. 

While  these  Annstrong  B.L.  guns  were  being  tested,  extensive  ex- 
periments were  being  carried  out,  both  to  see  if  any  safe  method  could 
be  discovered  of  strengthening  and  rifling  existing  bronze  and  cast  iron 
ordnance,  and  also  to  determine  whether  any  better  system  of  con- 
structing rifled  ordnance  than  that  proposed  by  Sir  W.  Armstrong  could 
be  settled  upon. 

As  was  natural,  however,  in  such  a  matter.  Sir  William  Armstrong 
was  not  permitted  to  bear  away  the  palm  without  a  contest. 

Various  jTopositions  for  rifled  guns  were  submitted  to  the  Ordnance 
Select  Committee,  and  in  1858  a  special  committee  was  appointed  to 
report  as  to  which  was  the  best  rifled  gun  for  field  service.  This  com- 
mittee came  to  the  conclusion  that  it  was  not  expedient  to  incur  the 
.expense  of  trying  further  experiments  with  any  except  those  of 
Messrs.  Wliitworth  and  Armstrong. 

A  trial  accordingly  took  place  between  guns  rifled  on  the  two 
systems,  but  at  that  time  Mr.  Whitworth  did  not  propose  any  gun  of 
his  own  construction,  and  had  only  rifled  government  blocks  of  bronze 
and  cast  iron,  while  the  Armstrong  breech-loading  gun  was  complete  in 
every  respect. 


•  The  conBtmcticn,  howerer,  and  mode  of  B.L.  has  often  been  ehangcd. 
t  The  experimental  3-pr.  first  tried  vras,  boweyer,  an  exeeption,  huring  a  atoel 
barrel. 
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No  better  nor  cheaper  system  being  found  during  the  period  of    CHAP.  lY. 

inquiry,  and  the  necessity  being  urgent  that  we  should  have  a  rifled         

^eld  equipment  and  so  not  be  behind  other  nations,  Grovemment  entered  ^  '^^"b  l 
into  a  contract,  in  January  1859,  with  the  newly-established  Elswick  Lg^^m 
Ordnance  Company,  and  also  commenced  the  manufacture  of  these  adopted,  1869. 
li.BX.  guns  in  the  Royal  Arsenal,  Woolwich.    In  February  1859,  Sir 
W.  Armstrong  was  appointed  engineer  of  rifled  ordnance,  and  in  the 
following   November    he   became    also    Superintendent    Boyal    Oun 
Factories. 

Our  field  artiUery  were  soon  equipped  with  Armstrong  guns,  and  a  SorTice  equip- 
number  of  the  heavier  natures  were  made  both  for  siege  and  garrison  "J|^  ^^  ^L 
purposes,  and  also  for  the  armament  of  our  fleet.    These  guns  are  still  BtponrR.B.L! 
in  the  service,  though  many  of  them  are  kept  in  reserve :  the  different  gans^  1869^ 
natures  are  given  in  the  table  at  the  end  of  Chapter  YI. 

The  theoretical  superiority  of  these  RJB.L.  pieces  over  the  old  S.B. 
field  guns  in  power  is  shown  by  Table  Y.  at  the  end  of  chapter. 

This  B.L.  system,  however,  is  wanting  in  simplicity  and  requires  a  Objections  to 
great  many  implements  for  its  repair.    Further  experience  showed  that  J^®  •'^^* 
serious  accidents  were  likely  to  take  place  from  various  causes,  such  gfj^^  offllr 
as  the  breech-screw  being  improperly  screwed  up,  the  vent-piece  being  ^^  J^^^. 
weak  or  ill  fitting,  &c,  and  it  is  therefore  probable  that  if  we  had  been  strong, 
in  the  meantime  engaged  in  a  war,  in  which  the  B.L.  guns  had  to  be 
used  in  large  numbers,  such  accidents  would  have  considerably  im- 
paired their  success ;  as  it  is,  however,  they  have  been  only  used  on  a 
small  scale  before  an  enemy,  principally  ii .  China,  New  Zealand  and 
Japan. 

In  these  wars  the  Armstrong  B.L.  guns  answered  very  satisfactorily  Behayiour  of 
on. the  whole,  both  on  land  and  at  sea,  and  proved,  as  was  to  be  ex-  owe  B.B.L. 
pected,  much  more  powerful  than  our  old  S.B.  field  and  heavy  guns,  breech-screw 
comparing  well  with  the  rifled  guns  of  other  powers  at  that  period,  as  ^^^e!*  ^  ^* 
shown  by  the  table  at  page  91.    It  was  clear,  however,  that  a  less 
complicated  system  would  be  better  adapted  for  general  service. 

Every  Power  in  Europe  which  took  an  initiative  in  adopting  rifled  Yarious 
field  artillery,  had  to  purchase  its  experience  in  a  similar  manner.    The  chan^  in 
French  MX.  guns  of  1864  were  of  a  different  nature  from  those  used  ,  g^® 
in  the  Italian  campaign,  while  they  were  replaced  in  1872  by  the  '^*  ™*' 
bronze  B.L.  Reffye  guns,  for  which  again  new  pattern  steel  B.L.  guns  of 
different  calibres  are  now  being  substituted.    The  Austrians  adopted 
the  system  La  Hitte  in  1850,  changed  it  for  Lenk's  system  in  1860,  and 
this  was  changed  again  in  1862,  while  in  1876-7  a  new  armament  of 
bronze  B.L.  guns  was  introduced.    The  Prussians  adopted  the  Wahren- 
dorf  8  system  in  1860,  and  changed  it  for  Wesener's  in  1863,  they  after- 
wards adopted  Erainer*s,  and  since  1872  have  equipped  themselves  with 
new  and  improved  guns  with  Krupp's  single  B.L.  wedge,  so  that  since 
1860  most  foreign  Powers  have  changed  the  pattern  of  their  field  guns 
at  least  twice  over  (vide  Table  YII.  and  YIII.  at  end  of  chapter.) 

Armstrong  and  Whitworth  Committees. 

In  1863,  Mr.  (now  Sir  Joseph)  Whitworth,  having  carried  on  a  series  Sir  J.  Whii- 
of  private  experiments  and  perfected  his  system,  obtained  such  good  ^*^^^'*. 
results  that  he  demanded  another  trial.  1863.°^  "^ 

A  special  committee  was  therefore  appointed,  Ist  June,  1863  to  ex-  ^'. 
amine  and  report  upon  the  different  descriptions  of  guns  and  ammu-  ^^  Vhit? 
nition  proposed  by  Sir  W.  Armstrong  and  Mr.  Whitworth.  irorth  Com- 

The  committee  carried  out  careful  and  extensive  competitive  experi-  mittee,  1863, 
ments  with  Whitworth   12-prs.  and  70-prs.,  Armstrong  12-prs.  and 
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70-prs.  breech-loaders,  and  Armstrong  12-pr,  and  70-pr.  muzzle- 
loaders  ;  the  12-prs.  having  been  chosen  to  decide  the  question  for  field 
artillery,  whilst  the  70-prs.  were  the  beet  available  representatives  of 
heavy  artillery,  comprising  siege,  garrison,  and  broadside  guns. 

Both  natures  of  the  Whitworth  guns  were  muzzle-loaders,  and  had 
Ills  well-known  hexagonal  rifling,  and  mechanically  fitting  projectiles. 

The  12-prs.  were  of  solid  mild  steel* (having  trunnion-rings  screwed 
on  to  them),  with  a  hoop  of  the  same  material  over  the  powder 
chamber. 

The  70-prs.  were  of  the  same  material,  but  consisted  of  an  inner  tube 
closed  bv  a  cascable  screwed  in,  and  strengthened  by  hoops  forced  on 
cold  by  hydraulic  pressure. 

The  Armstrong  breech-loaders  were  constructed  with  steel  barrels, 
and  with  wrought  iron  coils  superimposed  as  usual,  but  the  12-prs.  had 
the  ordinary  breech-screw  arrangement,  and  the  70-prs.  were  upon  the 
wedffe  system. 

His  muzzle-loaders  also  had  inner  barrels  of  steel ;  they  were  rifled 
on  the  6hunt  principle,*  for  projectiles  with  soft  metal  studs. 

After  a  searching  examination  of  important  witnesses,  and  complete 
and  comprehensive  trials  which  cost  some  35,000/.,  the  conmiittee  con- 
cluded their  labours,  ou  the  3rd  of  August,  1865,  which  is  the  date  of 
their  report. 

The  results  of  these  experiments  were  very  creditable  to  both  in- 
ventors, especially  as  re.:j^arded  the  construction  of  their  respective 
guns,  each  of  which  after  iiring  about  3,000  rounds  was  only  burst  at 
last  by  abnormal  means.^ 

The  report  was  on  the  whole  most  in  favour  of  the  Armstrong 
muzzle-loaders  for  the  following  reasons : — 

"That  the  many-grooved  system  of  rifling  with  its  lead-coated 'pro- 
jectiles, and  complicated  breech-loading  arrangements,  entailing  the  use 
of  tin  cups  and  lubricators,  is  far  inferior  for  the  general  purposes  of 
war,  to  both  of  the  MX.  systems,  and  has  the  disadvantage  of  being 
more  expensive  both  in  original  cost  and  in  ammunition. 

"  That  M.L.  guns  can  be  loaded  and  worked  with  perfect  ease  and 
abundant  rapidity. 

"  That  guns  fully  satisfying  all  conditions  of  safety  can  be  made  with 
steel  barrels  strengthened  by  superimposed  hoops  of  coiled  wrought 
iron,  and  that  such  guns  give  premonitory  signs  of  approaching 
rupture ;  whereas  guns  composed  entirely  of  steel  are  liable  to  burst 
explosively  without  giving  the  slightest  warning  to  the  gun  detach- 
ment." 

These  remarks  were  not  supposed  to  be  limited  to  heavy  guns,  they 
apply  with  equal  or  greater  force  to  field  guns ;  in  fact,  the  committee 
expressed  their  opinion  that  both  Sir  Wm.  Armstrong's  and  Mr.  Whit- 
worth's  M.L.  systems,  including  guns  and  ammunition,  were  on  the 
whole  very  far  superior  to  Sir  W  m.  Armstrong's  B.L.  system  for  the 
service  of  artillery  in  the  field. 


*  Yide  p.  44  for  description  of  shunt  rifling, 
t  It  may  be  noted  that  the  Committee  report  upon  the  point : — 
"  After  then  these  12-pr.  (8  cwt.)  guns,  riz.,  the  Armstrong  M.L.  and  B.L.,  and 
the  Whitworth  M.L.  guns  had  each  fired  2,800  rounds,  the  M.L.  with  1  lb.  12  oz.  of 
powder  and  12  lb.  shot,  attempts  were  made  to  destroy  them  by  firing  increased 
charges  of  both  powder  and  shot,  with  the  following  result.  At  the  42nd  round  the 
Armstrong  B.L.  gun  spUt  open,  but  did  not  burst ;  at  the  92nd  round  the  Whitworth 
steel  gun  lurst  violently  into  eleven  pieces,  while  the  M.L.  Armstrong  gun  failed  at 
the  60th  round,  one  of  the  outer  coils  baring  cracked  and  fallen  off  witbout  flying  to 
pieces." 
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CHAP.  IV. 
Committee  of  1866.  

Another  committee,  of  which  Sir  R.  Dacres  was  president,  was  Committee  of 
appointed  in  1866  to  inquire  into  the  question  of  M.L.  and  B.L. ;  they  1866  in  favour 
came  to  the  conclusion  that  "  the  balance  of  advantages  is  in  favour  of  of  M-^^- 
M.L.  for  field  guns,"  because  they  are  equal  to  breech-loaders  in  range 
and  accuracy,  and  much  superior  to  them  in  simplicity  both  of  fittings 
and  ammunition. 

At  this  date  a  few  12-pr.  R.M.L.  of  8  cwt.  were  made  of  wrought  4m\^^^'* 
iron  and  steel,  but  as  the  expense  would  have  been  great  and  there  was  ^^e  ki  1870 
no  ur^ncy,  their  manufacture  was  not  carried  out  on  a  large  scale  for 
issue  msteEMl  of  the  service  B.L.  guns. 

Committee  of  1868. 

The  field  armament  of  India  consisted  at  this  period  (1868)  almost  Field  guns  for 
entirely  of  S.B.  guns,  and  it  became  necessary  to  provide  her  with  a  India,  1868. 
more  efficient  equipment.    At  this  date  we  had  ceased  manufacturing 
R.B.L.  and  had  not  began  to  make  R.M.L.  field  guns  for  issue.    For 
India,  however,  it  was  finally  decided  to  have  a  M.L.  armament,  and  as  OueetioiMs  to 
it  was  considered  advisable  to  make  that  country  so  far  independent  of  manu&cture 
England  that  her  arsenals  should  be  in  a  position  to  manufacture  their  of  eonBln 
own  field  guns,  while  there  was  an  objection  (on  economical  grounds)  to  India, 
sending  out  the  expensive  plant  required  for  the  manufacture  of  steel 
and  wrought  iron  guns,  a  committee  of  officers  was  assembled  in  1868  Committee  on 
under  the  presidency  of  Major-General  Eardley-Wilmot  to  carry  out  Bronro  field 
experiments  with  a  view  to  recommending  a  KJULL.  bronze  gun  for  fS^fSJ 
Indian  service.    They  first  attempted  to  utilize  S.B.  9-pr.  guns,  but         *    * 
had  to  abandon  the  idea,  and  subsequently  R.M.L.  cast  at  Woolwich 
gave  such  satisfactory  results  upon  trial  at  Shoeburyness  that  in  1870 
9-pr.  bronze  guns  were  definitely  adopted  for  In(Man  service,  while 
some  were  also  issued  to  batteries  at  home. 

Time  and  practice  during  peace,  however,  developed  so  many  defects*  Mann&oturo 
in  these  9-prs.  that  they  have  now  all  been  withdrawn    from  the  J'""^ 
service   fvide  p.  6).     In  external  form,  sighting,  Ac,  these  guns  ^ef^ 
resemblea  the  present  service  9-prs.  1870,  diaoon- 

tinned  in 
1871. 

Special  Committee  of  1870. 

On  the  25th  July,  1870,  a  special  committee  of  artillery  officers,  under  Special  com- 
Major-GenenJ  Sir  John  St.  George,  K.C.B.,  as  president,  was  appointed  !^i^  ^ 
to  carry  out  comparative  trials  with  the  9-pr.  bronze  rifled  guns  (Indian 
pattern),  and  9-pr.  and  12-pr.  B.L.  guns  of  the  home  service,  and  to 
report  fully  on  the  whole  subject,  so  that  the  question  of  B.L.  and  M.L. 
for  our  field  guns  might  be  definitively  settled. 

In  their  report  dated  28th  November,  1870,  they  say : — 

^'  The  Committee  have  no  hesitation  in  giving  the  preference  to  the 
M.L.  gun,  both  in  respect  to  simplicity  and  facility  of  repair. 

*^  If,  as  regards  the  question  of  endurance,  the  Committee  are  called 
upon  to  seleict  between  a  structure  of  wrought  iron  and  steel  and  one 


•  At  the  time  of  their  adoption,  the  Snpt.  R.G.F.,  Colonel  (now  General)  CampbeU, 
strongly  objected  to  the  use  of  such  bronze  for  rifled  field  pieces,  yide  p.  88  '*  Beport 
of  Field  Artillery  for  India,  1868." 
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of  bronze,  as  tried  by  them,  they  unhesitatingly  pronounce  in  favour 
of  the  former,  whether  the  gun  be  a  muzzle-loader  or  a  breech-loader. 

"It  may  be  urged  that  considerations  of  manufacture  favour  the 
adoption  of  bronze  for  MX.  guns  for  India,  but  the  same  cannot  be 
accepted  as  applying  to  this  country,  and  taking  weight  for  weight  it 
is  impossible  to  deny  that  far  greater  endurance  will  be  attained  by  ibe 
present  mode  of  construction  than  by  the  use  of  bronze. 

'^  The  service  B.L.  system,  owing  to  the  absence  of  windage,  neces- 
sitates the  employment  of  a  mechanical  arrangement  for  lignting  the 
time  fuze.  This  is  effected  by  the  employment  of  a  detonator,  which 
has  proved  to  be  highly  sensible  to  climatic  influences.  The  M.L. 
gun  on  the  other  hand  has  the  advantage  of  being  able  to  use  an 
ordinary  wood  time  fuze,  which  experience  has  proved  to  be  little  or 
not  at  all  affected  by  climate. 

"  As  regards  cartridges,  the  B.L.  guns  have  the  great  disadvantage 
of  requiring  the  use  of  lubricators. 

"  In  respect  to  other  stores,  such  as  percussion  fuzes  and  projectiles, 
the  'Committee  believe  that,  whether  for  breech  or  M.L.  guns,  there 
will  be  found  little  or  no  difference  between  them  so  far  as  regards 
their  capability  to  bear  the  tests  of  travelling  or  climate. 

"  Judging  h'om  the  results  of  the  practice  at  Aldershot,  the  9-pr. 
M.L.  and  the  12-pr.  B.L.  guns  appear,  in  respect  to  shooting,  to  be 
much  upon  a  par ;  the  former  being  superior  in  point  of  shrapnel  shell 
with  time  fuzes,  the  latter  in  point  of  segpoient  sheU  with  percussicm 
fuzes,  the  ^pr.  B.L.  gun  being  inferior  to  both. 

"  The  advantages  of  simplicity,  facihty  of  repair,  ease  of  workiog, 
rapidity  of  fire,  original  cost,  and  cost  of  maintenance,  are  in  favour  of 
a  M.L.  gun,  and  the  Committee  consider  that  these  qualifications  out- 
weigh the  important  advantage  of  the  superior  amount  of  cover  given 
to  the  detachments  when  entrenched  and  in  the  open,  which  a  BX.  gun 
affords,  and  are  therefore  of  opinion  that,  on  the  whole,  a  M.L.  gun 
is  the  more  efficient  for  war  purposes ;  but  they  recommend  that,  if 
adopted  for  home  service,  they  be  made  of  wrought  iron  with  steel 
tubes." 

JReium^  up  to  introduction  of  B,MX.  Field  Guns, 

SumnuiiT  as  We  see  then  that  for  field  service  our  first  rifled  guns  were  R.BX. 
to  B.BX.  pieces,  built  up  on  the  Armstrong  .principle*  between  1859  and  1864, 
Tersns  B.MX.  that  we  soon  foimd  out  that  this  system  of  breech  loading  had  faults, 
for  field  guns.  ^^^^  jjj  consequence  made  very  extensive  experiments  between  1863 

and  1870  as  to  the  comparative  value  of  tihese  B.L.  guns  and  the 
various  descriptions  of  M.L.  field  guns  brought  forward.  The  com- 
mittees who  carried  out  these  trials  were  composed  of  distinguished 
artillery  officers,  and  they  all  arrived  at  the  conclusion  that  a  M.L.  gun 
was  better  than  a  BX.  for  the  reasons  giv^a  abovcf 

As  regards  the  construction  or  buildmg  up  of  the  gun  itself  which  is 
only  affected  indirectly  by  the  question  of  B.L.  or  ]\LL.,  these  com- 
mittees were  unanimous  in  recommending  the  built-up  system  of  steel 
barrel  and  wrought  iron  jacket  at  present  employed,  instead  of  the  use 
of  bronze  or  of  steel  alona 


A  wrought 
iron  B.M.L. 
with  steel 
tabereoom* 
mended. 


Serrioe  con 
Btruction. 


*  The  system  of  BX.  introduced  with  our  servioe  Anostrong  guns,  has  nothing  to 
do  with  the  pnnc^>les  of  the  Armstrong  construction  of  buildmg  up  of  a  gun  as 
pointed  out  at  p.  81.  Though  we  have  abandoned  BX.  guns,  we  still  retain  the 
Armstrong  construction  as  modified  by  Mr.Fraser. 

t  Much  hostile  criticism  has  been  spent  upon  our  enthusiastio  adoption  and  praise 
of  the  K.B.L.  Armstrong  system,  and  our  speedy  abandonment  of  the  same  in  favour 
of  B.MX.,  but  we  have  kept  steadily  to  one  mode  of  construction,  and  perhaps 
changed  less  in  reality  than  most  of  the  Powers.  • 
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In  consequence  of  these  recommendations,  no  new  R.B.L.  field  pieces    CHAP.  IT. 
have  been  made  since  1864,  but  in  1871  we  commenced  the  manufac-         "T" 
tare  of  the  M.L.  steel  and  iron  guns  with  which  our  Field  Artillery  are  JJ^^^^^*"* 
now  entirely  equipped;  these  guns  are  built  up  of  an  inner  barrel  of  fiddgims 
steel,  and  a  jacket  of  coiled  iron  carrying  the  trunnions,  commenced  in 

Designs  for  a  9-pr.  gun   of  6  cwts.  and  of  a  12-pr.  of  8  cwts.  had  1871. 
been  pr^ared  in  1866,  the  former  being  adapted  for  a  boat  and  R.H.A.  B.M.L.  9-pr. 
gun.  and  the  latter  for  field  batteries.    A  few  of  both  were  manufac-  6  cwu.,  and 
tured  but  not  completed  in  1868-69,  and  in  1870  l^ese  were  rifled  on  12-pr.  of  8 
the  modified  French  system  as  9-prs.  of  18  and  21  calibres  respectively^  ^^^"Sd 
the  former  proved  rather  too  short,  and  but  few  were  made,*  while  of  rifledinl870. 
the  8-cwt.  guns  a  nimiber  were  manufactured  both  for  field  and  boat 
service. 

Committee  of  1869. 

A  committee  of  R.A.  officers  which  carried  out  important  experiments  Committee  of 
on  Dartmoor  in  1869t  having  strongly  recommended  that  a  field  gun  1869, 
should  be  introduced  suitable  for  high  angle  fire  when  necessary,  and 
for  throwing  common  shell  with  large  bursting  charges,  the  question 
was  referred  in  1870  to  a  special  Committee}  who  after  trials  with 
guns  weighing  about  12  cwt.  and  of  dififerent  calibres,  finally  settled  upon 
the  calibre  of  3"-6  as  the  most  suitable,  and  accordingly  a  16-pr.  gun  ^^x^p^ 
of  3"-6  and  of  19  calibres  length  of  bore,  was  approved  of  for  the  r.m.L.  1871. 
armament  of  the  heavy  portion  of  our  field  batteries  being,  when 
introduced,  the  most  powerful  field  gun  in  Europe. 

Committee  of  1871. 

In  1871  a  few  Gatling  mitrailleurs  were  introduced  into  the  service  for  Gatling  mi- 
naval  purposes  after  extended  experimental  trials  had  been  carried  out  trMlleuM, 
by  a  special  committee.  (Vide  p.  881,  Appendix,  for  further  information  ^®'^" 
as  to  this  weapon.) 

Committee  on  High  Angle  Fire. 

On  the  cessation  of  the  Franco-Prussian  War  of  1870-71  in  which  Comparatire 

the  Prussian  field  guns  played  so  important  a  part  it  was   thought  trial  of  British 

advisable  by  our  '^^'ar  Office  to  test  our  new  MJL.  pieces  in  comparison  pL™^  b  j. 

with  the  Prussian  breech-loader.    Experiments  were  therefore  carried  auna  in  1872, 

on  at  Shoeburyness  in  1872  by  the  Committee  on  High  Angle  Fire  by  High 

mentioned  at  p.  79,  between  a  German  9-pr.  Bi.  of  8"  '09  calibre.  Angle  Fire 

weighing  about  6  cwt.,  and  our  own  9-pr.  of  8  c\^'t.  Tnow  reduced  to  6  Committee, 
cwt.)  with  highly  favourable  results  for  our  own  fiela  gun. 

To  qnote  once  more  from  Captain  Langlois*  work,  he  says,  talking  of  the  metala 
employed  for,  end  of  the  absolute  construction  of  field  gnns : 

*'  Prussia,  in  fact,  after  using  steel  pieces,  came  back  to  bronze  in  1869 ;  after  the 
war  of  1869-71,  she  carried  out  trials  with  bronze  phosphor,  and  haa  lastly  arriyed  at 
«  steel  ringed  gun. 

"  France  and  Austria  have  so  far  preserred  bronze,  the  first  with  a  tendency 
towards  steel,  and  the  second  towards  phosphor  bronze. 

**  England  alone  has  never  tai  ied ;  she  adopted  ringed  iron  gnns  with  steel  barrels 
for  the  Armstrong  system,  and  still  preserres  that  metal  (and  a  similar  construction) 
for  her  so-called  Woolwich  guns." — Les  Artilleries  de  Qampagne  de  V Europe  en  1874, 
jpar  H.  LangloiSf  Captain  d*Artillerie. 

•  Now  only  used  for  boat  serrice,  Mark  I.,  SS.,  ride  p.  254. 

t  Major-Gheneral  C.  Dickson,  C.B.,  V.C,  President. 

X  On  High  Angle  Fire,  Tide  note  p.  79. 
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The  Committee  reported  that  the  British  g\m  had  a  decided  superio- 
rity over  the  Oerman,  in  length  of  range,  rapidity  of  fire,  power  and 
ease  of  manipulation,  while  the  German  gun  excelled  somewhat  in 
accuracy  of  shooting,  though  the  difference  in  this  point  was  but 
slight. 

Throughout  the  trials,  however,  the  breech  arrangement  of  the  latter 
required  much  attention,  and  the  Committee  considered  that  it  required 
such  constant  care  for  its  preservation,  as  in  hard  campaigning 
and  severe  weather  it  would  be  difficult  to  exact  from  any  artilleryman 
whatever.* 

French  Experiments. 

Careful  comparative  trials  were  also  made  in  the  same  year  by  the 
French  authorities  at  Bourges  and  elsewhere,  between  the  Woolwich 
9-pr.  and  other  field  guns,  the  result  being  as  follows  according  to  the 
official  report : 

^'Notwithstanding  a  few  imperfections,  the  Woolwich  material,  taken 
altogether,  constitutes  a  first-class  system  of  field  Artillery." 

"The  Woolwich  wrought  iron  9-pr.  gun  gave  results  which  are  not 
inferior  to  those  of  any  gun  actually  in  service  in  Europe.  These 
results,  however,  can  perhaps  be  surpassed.  This  is  the  end  to  be  kept 
in  view  in  the  selection  of  a  field  gun,  and  which  must  be  attained  in 
the  case  of  our  adopting  a  breech-loader.  This  method  of  loading,  since 
it  possesses  practical  inconvenience,  must  give  in  compensation  notably 
superior  results  to  the  best  muzzle-loading  gun  in  order  to  be  adopted." 


0-pr.  6  cwt. 
for  the  horse 
artillery  and 
light  field 
batteries. 


English  Field  Guns  of  this  Date. 

In  1872,  then,  we  had  every  reason  to  be  satisfied  that  our  field 
artillery,  even  if  slightly  inferior  in  accuracy,  was  on  the  whole  superior 
to  that  of  all  other  nations  in  power.f 

This  will  be  evident  upon  inspection  of  the  Table,  p.  92  which  shows 
the  comparative  values  of  the  service  field  guns  used  by  the  Great 
Powers  in  1872. 

The  8  cwt.  9-pr.  proved  somewhat  heavy  for  horse  artillery,  and  as 
experiment  showed  it  was  possible  to  use  with  this  arm  a  lighter  gun 
of  6  cwt.  a  piece  of  the  latter  weight  and  same  calibre  as  tne  8-cwt. 
gun  with  a  length  of  about  22  calibres  was  introduced  as  a  horse  ar- 
tillery gun  in  1874.. 

Further  trial  showing  also  that  the  same  charges  and  projectile 
could  be  used  with  this  gun  as  with  the  8-cwt.  gun  it  was  determined 
to  arm  both  horse  artillery  and  light  field  batteries!  with  9-pr.  guns  of 
6  cwt.  which  are  about  a  calibre  longer  in  bore,  and  give  slightly  more 
velocity  than  those  of  8  cwt. 


*  The  oomplioations  due  to  the  breech  arrangement  was  in  fact  sererely  felt  durine 
the  war  of  1870-71,  when  oyer  200  guns  were  rendered  unserrioeable  in  the.  field 
through  the  breech  apparatus  becoming  defective.  In  the  new  German  guns  an  im- 
proved and  simpler  breech  closing  apparatus  has  consequently  been  adopted,  but  the 
disadvantage  of  complication  still  remains.  For  every  gun  spare  parts,  tools,  &c., 
have  to  be  carried. 

t  In  Captam  Langlois'  work  on  the  Field  Artilleiy  of  Europe,  dated  1875,  he 
states  with  regard  to  the  armaments  of  the  several  Powers  in  1870,  "  Two  things  are 
evident,  one,  that  by  breech  loading,  one  maj  expect  to  obtain  greater  velocities 
and  greater  accuracy,  thanks  to  the  regular  *  forcement  *  of  the  projectile.  On  the 
other  hand,  it  must  be  acknowledged  that  no  existing  service  breech-loader  pos- 
sesses  over  the  Woolwich  gun  a  superiority  sufficiently  great  to  make  up  for  tneir 
complication." 

X  The  8-cwt.  guns  made  ore  being  turned  down  for  S.S.    Tide  p.  253. 
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Our  present  armament  therefore  for  field  service  consists  of  9-prs.  of    CHAP.  IV» 

6  cwts.  for  horse  artillery  and  one  half  of  the  field  batteries,  tne  re-         

mainder  of  which  (or  heavy  field  batteries)  are  equipped  wi^  16-prs.  J^P^'f^f, 

of  12  cwts.    For  boat  and  field  marine  service  9-prs.  of  6  cwts.  and  kfJten 
8  cwts.  oaBBenes. 

In  1871  a  25-pr.  of  18  cwts.  was  proposed  as  a  gun  of  position  and  25-pr.intro. 
introduced  into  the  service  in  1874.    Its  construction  is  similar  to  that  duced  1874. 
of  the  field  guns.    Vide  p.  78  for  further  account,  under  liie  heading  of 
Siege  Pieces. 

Our  field  guns  proved  very  formidable  field  pieces  during  the  experi-  Experiments 
ments  carried  out  at  Okehampton  in  1875,  the  9-pr.  of  6  cwts.  up  to  at  Okeham- 
8,500  yards  and  the  16-prs.  up  to  4,000  yards  range  rendered  the  ton  with  9-p. 
ground  covered  by  them  quite  untenable  by  infantry,  while  at  still  f^J^^^'  "* 
longer  range,  cover,  such  as  villages  or  houses,  was  destroyed  by  the    ^ 
fire  of  the  16-pr. 

Progress,  however,  is  as  necessary  in  artillery  as  in  all  else,  and  it  New  or 
advances  with  no  leaden  foot.    Since  the  Franco-German  War,  Oer-  experimental 
many  has  furnished  herself  with  a  new  field  equipment  of  more  power-  annwnenta  of 
ful  guns,  while  Austria,  France,  Russia,  and  other  Powers  are  making  Foreign 
strenuous  efforts  in  the  same  direction  as  will  be  seen  from  tiie  Table     ^^®"' 
at  end  of  the  chapter. 

Experimental  Field  pieces. 

Convinced  as  we  are,  notwithstanding  numerous  dicta  to  the  contrary,*  Experimental 
that  we  can  increase  the  power  of  M.L.  field  guns  in  as  great  a  ratio  ^-li.  id-pr. 
as  the  Germans  have  increased  those  of  their  breech-loaders,  while  re- 
taining the  undoubted  and  important  advantage  of  simplicity  we  are 
now  trying  experimental  M.L.  field  guns,  which  bid  fair  to  surpass  in 
power  any  field  ordnance  hitherto  made. 

In  the  early  part  of  1875,  in  compliance  with  the  wishes  of  the  then 
Director  of  -Ajrtillery,  Sir  J.  Adye,  K.C.B.,  a  12-pr.  R.M.L.  gun  of  8  cwts. 
was  designed  by  the  Royal  Gun  Factory  to  throw  a  12  lb.  projectile 
with  a  muzzle  velocity  of  at  least  1,500  feet  per  second. 

After  some  preliminary  trials  with  an  old  9-pr.  gun  lengthened  and 
chambered,  three  of  these  guns  rifled  on  different  systems  were  tested 
in  1876  giving  very  good  results.  The  polygrooved  system  of  rifling 
with  a  rotating  gas  check  gave  the  best  results,  and  was  accordingly  de- 
finitely adopt^.  Further  experiments  have  led  to  the  final  adoption  of 
a  13-pr.  polygrooved  gim,  the  M.V.  of  which  will  not  be  less  than  from 
1560  to  1600/«. 

Certain  minor  details  have  not  yet  been  finally  decided  upon.  When 
these  are  settled  only  a  short  period  need  elapse  before  we  can  furnish 
our  field  artillery  with  a  new  and  still  more  powerful  equipment  than 
that  which  they  now  possess. 

Mountain  and  Boat  Guns. 

The  history  of  these  pieces  is  almost  identical  with  that  of  field  guns.  Their  history. 
When  we  ceased  to  manufacture  R.B.L.  guns,  in  1863,  we  commenced 
to  make  these  pieces  itlso  as  muzzle-loaders. 

The  6-pr.  Armstrong  R.B.L.,  which  had  partially  replaced  the  old  7-pr.  M.Lfc 
S.B.  mountain  piece  (vide  p.  65),  was  in  its  tnni  superseded  by  the  g^n. 
7-pr.  ALL.  gun  rifled  on  the  French  system.    In  1865,  a  few  mountain 


*  Tide,  for  example,  Captain  Langlois'  work  already  quoted. 
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CHAP.  IV. 

Conrenion  of 
8-pr.  S.B. 
bronze  guns. 


SteeL 

7-pr.  150  lbs. 

7-pr.  200  lbs. 


guns  being  ordered  for  Bhootan  in  haste,  were  made  by  turning  down 
and  rifling  3-pr.  bronze  S.B.t  and  a  small  number  of  similar  pieces 
were  subsequently  made ;  but  steel  now  alone  is  used  for  these  gunSt 
which  are  manufactured  from  a  solid  ingot  of  that  metaL 

These  7-pr8.  have  the  French  rifling  (vide  p.  46),  and  fire  studded 
projectiles. 

Two  natures  are  now  being  manufactured,  one  weighing  1501bs.,  for 
use  in  India,  &c.,  and  a  later  pattern  of  200lbs.  weight,  introduced  in 
1878.  This  is  a  longer  gun  than  the  former  pattern,  and  considerably 
more  powerfuL  It  is  the  piece  principally  employed  for  light  boat 
service. 


Oinis  of  posi- 
tion and 
si^ge  pieces. 

K.B.L.  from 
1859  to  1870. 


B.M.L.  intro* 
duoed  1870. 

40-pr.  R.M.L. 
1871. 


26-pr.  B.M.L. 
1874. 


Gdns  of  PosmoK  and  Sieqb  Pieces. 

Ordncmcefor  Direct  or  Indirect  Fire. 

In  the  case  of  siege  pieces,  the  same  reasons  which  led  us  to  discard 
the  R.B.L.  service  guns  for  field  service  led  us  to  do  so  in  the  case  of 
these  pieces  also. 

The  S.B.  pieces  originally  used  for  siege  service  were  replaced  in 
1859-63  by  20rpr.,  40-pr.,  and  7-inch  R.B.L.,  but  since  1870,  we  have 
made  25-pr.,  40-pr.,  and  64-pr.  R.M.L.*  pieces  for  direct  and  indirect 
fire  siege  guns.t  to  take  the  place  of  these  R.B.L.  pieces4 

The  introduction  of  the  64-pr.  is  described  at  p.  82. 

The  40-pr.  was  introduced  in  1871,  and  at  that  date  a  few  of  these 
pieces  were  made  about  18  calibres  in  length  of  bore,  but  further  ex- 
periments showed  that  an  increase  of  length  was  advisable,  and  our 
40-prs.  for  siege  purposes  have  now  very  much  the  same  dimensions 
as  the  40-pr.  R.B.L*,  but  as  they  utilize  a  larger  charge  of  powder  they 
are  more  powerful  guns. 

The  25-pr.  was  introduced  in  1874  to  supersede  the  20-pr.  R.B.L. 
As  far  as  power  and  accuracy  of  fire  are  concerned,  we  have  good 
reason  to  be  satisfied  with  these  three  last  mentioned  siege  pieces. 


Ordnance  for 
high  angle 
firing. 

Experimental 
rifled  mortars, 
1853. 


Fired  at  fixed 
angles. 


Ordfuwcefor  Indirect  and  High  Angle  Fire, 

But  besides  ordnance  for  direct  fire,  siege  trains  must  also  include 
pieces  to  give  an  effective  fire  at  high  angles  of  over  15°,  and  for  this 
purpose  S.B.  mortars  remained  in  use  in  our  ovm  service,  as  in  that  of 
other  nations§  long  after  rifled  guns  had  been  universally  adopted  for 
direct  fire  and  for  indirect  or  curved  fire  at  angles  under  15° ;  each 
year,  however,  their  defects  became  more  patent,||  and  as  early  as  1853, 
experiments  were  carried  out  with  S.B.  mortars  rifled  for  the  purpose 
on  various  systems,  but  without  much  success ;  these  pieces  were  only 
capable  of  being  fired  at  certain  fixed  angles ;  this  necessitated  varia- 
tions in  the  amount  of  powder  used,  consequently  a  varying  space  in 
the  chamber,  and  so  to  unequal  action  of  the  charge. 


*  Ab  explained  in  Chapter  XI.,  we  use  64-pra.  also  as  garrison  and  nayal  broad* 
side  guns. 

t  vide  p.  257  as  to  constitution  of  present  siege  train. 

X  The  40-pr.  B.B.L.  guns,  however,  may  perhaps  be  re-introduced  as  a  siege  gun. 

§  In  the  war  of  1870-71  the  Q«rmans  employed  many  S.B.  mortars,  and  in  a 
German  siege  train,  as  at  present  constituted,  of  400  pieces,  we  find  a  proportion  of 
120  S.B.  (15c.)  6-inch  mortars  are  included. 

II  At  the  siege  of  Fort  Pulaski,  during  the  American  war  of  1860,  we  are  told  that 
at  a  range  of  1,700  yards  more  mortar  shellB  missed  than  hit  the  fort. 
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Various  other  proposals  were  brought  forward  from  time  to  time,*     CHAP.  IV. 

but  nothing  substantial  accrued  from  them.    In  1864,  Sir  J.  Burgoyne         

calied  attention  to  the  great  value  of  high  angle  fire  against  bomb-  ^'?^^*^^^ 

profs,  and  to  the  urgent  necessity  of  increasing  the  range  and  improving  "  j^  ^mr, 

the  accuracy  of  our  mortars ;  the  O.S.C.,  however,  then  proposed  that  a  g..  j  ~*' 

piece  should  be  tried  of  the  nature  of  a  heavy  rifled  howitzer  capable  JL^^^  ^^^ 

of  being  fired  at  angles  of  elevation  up  to  30°.    Finally  three  68-pr8.  ^  ^  ' 

carronades  were  rifled  and  experimented  with  in  1866-67  and  owing  to  Rifled  howit- 

the  success  of  these  experiments  a  32-pr.  bronze  block  was  bored  to  20"8«gg«ted. 

6"'3  calibre,  and  rifled  with  three  plain  grooves,  so  that  the  64-pr.  Experiment* 

projectiles  could  be  employed  with  it.    The  results  obtained  were  very  ^^^  ^^^' 

good,  and  it  was  submitted  that  such  a  piece  should  be  added  to  our  ^^  1866-7 

siege  tnun.    There  were  many  objections  to  this,  however,  on  account  ^^^  * 

of  5ie  material,  weight,  and  construction  of  the  old  S.B.  32-pr.  bronze  obtained 
howitzer,  it  was  proposed  tp  bore  up. 

Further  experience  having  been  g^ned  as  to  high  angle  firing  from  Proposed  8- 

rifled  pieces  during  the  war  of  1866,  the  O.S.C.  reported  that  year  that  j^ch  rifled 
the  matter  was  ready  for  decision  without  further  experiments ;  and    ^'^  **'* 
in  1867  they  suggested  that  for  siege  purposes  an  8-inch  rifled  howitzer 
of  about  50  cwts.,  should  be  made,  and  that  for  coast  defence  we  should 

manufacture  pieces  capable  of  throwing  shell  of  200  lbs,  and  300  lbs.  and  b.m.L.  8, 9. 

of  the  weights  respectively  of  4  and  6  tons.    Designs  were  accordingly  and  lo-inch 

submitted  in  November,   1867,  by  Colonel   Campbell,   the   Superin-  howitzers 

tendent  of  the  R.G.F.  for  rifled  howitzers  of  8,  9,  and  10-inch  bore,  and  i®!^®^^- 
of  the  weights  above  mentionedf  "   ^^" 

In  1870,  a  committee  was  appointed  to  consider  whether  it  was  Committee  of 

advisable  to  convert  13-inch  S.S.  mortars,  and  also  to  report  upon  fire  1870. 

from  rifled  howitzers.    The  converted  mortars  did  not  give  such  good  Idea  of 

results  as  the  rifled  howitzers,  so  the  idea  of  conversion  was  abandoned,  conyerting 

Further  experiments  were  carried  out  with  rifled  howitzers,  and  in  1872  S.B.  mortars 

it  was  flnaUy  decided  that  8-inch  rifled  howitzers  should  take  the  place  If-^J,^^  t 

of  S.B.  mortars  m  our  siege  tram ;  a  number  of  these  pieces  were  con-  howitzers 

sequently  manufactured  in  1873-74;  they  are  constructed  with  a  steel  abandoned, 
tube  and  wrought  iron  exterior,  and  rifled  on  the  Woolwich  system. 

In  1874,  this  Committee  being  anxious  to  try  a  lighter  nature  of  6*3  inch 

rifled  howitzer  capable  of  firing  a  shell  of  about  60  lbs.  proposed  that  ^^^j*^?!' 

a  howitzer  should  be  constructed  of  6*3-inch  calibre.    After  considera-  ^^^uc^d  ' 

ble  trial  a  piece  of  this  nature. was  finally  introduced  into  the  service  in  X878. 

1878,  the  rifling  being  polygrooved.    This  piece  is  the  first  introduced  ' 
into  our  service  in  which  the  stud  system  has  been  abandoned  in  favour 
of  a  rotating  gas  check.    A  definite  stop  is  put  in  the  rifling,  by  which 
the  shot  is  always  brought  up  at  the  same  spot,  in  order  that  the  charge 
may  be  burnt  in  a  definite  air  space. 

We  thus  have  two  natures  of  rifled  howitzers  in  our  siege  train,  Semce 

viz. :    The  8-inch  howitzer  of  46  cwt.,  and  the  6'3-inch  howitzer  of  J-Mli. 

18  cwt.    These  two  pieces  should  perhaps  more  correctly  be  termed  '"^^*^*®** 
rifled  mortars,  being  short  in  the  bore.    We  are  now  however  manu- 
facturing two  howitzers,  more  properly  so  called,  and  of  much  greater 
length  of  bore,  of  8-inch  and  6'6-inch  calibre  respectively. 


•  Captain  (now  Sir  W.  Palliaer)  proposed  rifled  mortars  in  183i,  and  in  1862-68, 
a  7-inch  wrought  iron  mortar,  proposed  by  Sir  W.  Armstrong,  and  rifled  on  the 
shuntprinciple  waa  tried  at  ShoebuiTness,  but  with  indifferent  resnltB. 

t  These  two  latter  do  not  come  under  the  head  of  siege  train  ordnance  but  are 
intended  for  coaat  defences,  &c.    They  are  still  being  experimented  with. 


CHAP.  rv. 
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Guns  converted  from  S.B.  fob  Secondary  Purposes  of 

Defence. 


Intiroductira  Before  going  on  to  the  history  of  our  heavy  guns  it  may  be  well 
of  conTertod  ^  mention  how  and  when  guns  converted  from  S.B.  were  introduced 
gans.  .^^  ^1^^  service.     A  detailed  account  of    these  pieces  is  given  in 

.       Chapter  X. 
eS^rci'^*       Upon  the  introduction  of  rifled  guns  it  was  naturally  attempted  to 
ordni^ce  utilize  the  existing  cast  iron  ordnance  by  strengthening  them  to  meet 

1856.      '         the  increased  strain  due  to  the  use  of  heavy  elongated  projectiles. 
Major  Palli-         ^  early  as  1855  various  methods  were  tried  to  this  end*  but  none 
sera  proposal,  of  these  succeeded  well  until  in  1863  Major  Palliser  proposed  to  line 
1863.  the  bored-out  S.B.  pieces  with  a  wrought  iron  inner  barrel ;  between 

this  date  and  1868  a  number  of  guns  so  converted  were  tried,  and  in 
the  latter  year  it  was  recommended  by  the  O.S.C.  that  extensive  con- 
version of  certain  S.B.  guns  on  this  system  should  be  carried  out  in 
order  to  provide  us  at  a  cheap  rate  with  rifled  ordnance  for  secondary 
Ostein'  purposes  of  defence.    Their  recommendations  were  carried  out  in  the 

adopted,  1868.  ^^*®®  ^^  certain  guns  mentioned  in  table  p.  94,  and  we  now  possess  over 

2,000  of  these  converted  rifled  gunsf  which  are  employed  principally 
for  the  armament  of  our  smaller  men-of-war,  and  for  coast  defences 
where  the  range  is  limited,  or  where  none  but  small  vessels  of  light 
draught  could  approach.  Table  IX.  at  end  of  the  chapter  shows  how 
great  an  increase  in  power  we  have  obtained  by  this  mode  of  con- 
version. 

Introduction  of  IIeavy  Bifled  Ordnance. 

Henry  R.M.L.  We  have  SO  far  followed  the  history  of  our  rifled  field,  siege,  moun- 
gun?.  tain,  and  secondary  guns  of  defence  down  to  the  introduction  of  the 

present  R.M.L.  armament,  let  us  now  see  how  our  heavyj  rifled  guns 
were  brought  into  the  service. 

Important  as  it  is  that  our  light  artillery  should  be  so  well  equipped 
that  whether  we  have  to  figlit  in  the  (open  field,  to  attack  a  great 
fortress,  or  to  take  a  mountain  stronghold,  our  field,  siege,  and  moun- 
tain guns  shall  prove  all  that  can  be  desired,  still  more  important  it  is 
^  that  the  heavy  guns,  which  constitute  the  principal  armament  of  our 
ships  of  war  and  coast  defences  should  be  the  most  powerful  in  the 
world. 

Here  we  cannot  afford  to  be  behindhand,  but  must,  as  the  greatest 

naval  power,  rather  lead  the  way  and  retain  our  supremacy  at  sea, 

arming  both  ships  and  forts  with  guns  more  powerful  than  any  which 

they  will  have  to  encoimter. 

Progroaamade       Fortunately  we  are  not  wanting  in  this  respect,  but  have  since  1860 

since  1800.        made  such  progress  that  whereas  at  that  date  our  heaviest  piece  of 

ordnance  for  direct  fire  was  the  S.B.  68-pr.  of  95  cwts.,  which,  throw- 
ing round  shot  of  68  lbs.  could  not  pierce  5  inches  of  iron  at  200  yards, 

*  Amongst  other  modes  tested  were  the  strengthening  the  gun  at  the  breech  end 
with  a  WTOught-iron  jacket  shrank  over,  the  use  of  a  bronze  jacket,  of  wrought-iron 
rings  shrunk  on,  &c.    Various  tubes  were  also  tried,  made  of  steel,  &c. 

t  Most  of  these  pieces  have  been  converted  in  the  R.G.F.,  but  some  hundreds 
have  been  completed  by  the  E.O.C.  It  will  be  evident,  vide  pp.  9,  10,  that  the 
inner  barrel  of  these  pieces  is  of  too  toft  a  material,  and  the  outer  casing  too  brittle  to 
allow  of  heavy  charges  being  used  with  them,  but  as  a  measure  of  economy  it  has 
allowed  of  our  rapidly  t aiming  old  S.B.  guns  into  much  more  powerful  rifled 
ordnance. 

t  Guns  oyer  5  tons  weight  are  designated  heavy  guns. 
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vre  now  jtAve  100-ton  guns  capable  of  driving  gigantic  bolts  of  2000  lbs,    CHAP.  IV. 
through  more  than  2  feet  of  iron  at  a  distance  of  1,000  yards.  • 

Let  us  trace  this  progress  since  the  middle  of  the  18th  century,  from  Progress  made 
which  date,  excepting  in  the  introduction  of  carronades,*  hardly  any  si^c©  the 
advance  was  made  in  the  construction  of  ordnance  until  1830,  when  ?^j!f^®  ^t 
General  Millar,  R.A.,  the  head  of  the  Gim  Factories  at  Woolwich,  in-  ^^^^  century, 
troduced  the  8-inch  and  10-inch  shell  guns,  for  direct  fire.    Ten  years  CarronadM. 
afterwards,  i.e,,  in  1840,  Mr.  Monk,  chief  clerk  in  the  Department,  8-inch  and  10- 
l^roposed  the  42-prs.  and  56-prs. ;  and  subsequently  to  this.  Colonel  inch  S.B.  shell 
Dundas,  R.A.,  who  succeeded  General  Millar,  introduced  68-prs. — a  g*""  1^^- 
great  stride,  as  it  was  then  thought,  in  the  progress  of  heavy  ordnance,  42,  56,  and 
and  so  indeed  it  was ;   but  the  supremacy  of  the  68-pr.  was  not  of  CS-prs.  1840. 
long  duration.     It  is  no  longer  a  heavy  or  a  powerful  gun,  according 
to  modern  artillery  ideas.  It  has  been  dwarfed  by  its  big  rifled  brothers 
of  recent  date. 

In  1854  the  first  attempts  were  made  to  use  heavy  rifled  guns  by  Lancaster, 
the  employment  during  the  siege  of  Sebastopol,  of  certain  8"  and 
j68-pr.,  C.I.  gmis  oval  bored  on  Mr.  Lancaster's  plan.     This  attempt 
was  not  successful,  the  projectile  occasionally  jamming  in  the  bore,  and 
rupturing  the  chase,  while  the  shooting  was  but  indifferent. 

In  1859,  as  already  mentioned  (p.  71),  R.B.L.  breech  screw  guns  r.b.L. 
were  introduced,  of  which  the  two  heaviest  natures  made  were  the  screw,  1863. 
40-pr.  and  the  7-inch  or  llO-pr.  guns.   In  1859-60,  on  service,  especially 
when  employed  on  board  our  men-of-war,  many  defects  were  found  in 
this  system,  and  in  1864,  in  consequence  of   the  objections  brought 
against  his  breech-screw  guns.  Sir  WiUiam  Armstrong  introduced  not  Wedge  and 
only  two  natures  of  wedge-guns  (40-prs.  and  64-prs.)t  as  an  improve-  i^^J^  ^"f 
ment  on  the  breech-screw  arrangement  in  points  of  safety  and  simpU-  i^^" 
city,  but  also  64-pr.  muzzle-loading  guns  with  shunt  rifling,  and  further 
proposed  other  shunt  guns  of  larger  cahbre. 

In  1864,  also,  while  further  experiments  were  being  carried  on  with  64-pr.  II.M.L. 
wedge  B.L.  guns,  the  Admiralty  requested  that  four  64-pr.  (then  called  g»^«i8  intro- 
74-prs.)  should  be  completed  as  K.M.L.  guns  with  a  bore  suited  for  ^^^^^  l®^** 
S.B.  32-pr.  projectile  in  case  of   emergency.     Subsequently  it  was 
decided  to  complete  all  the  remaining  blocks  prepared  for  wedge  B.L. 
guns  as  64-pr.  R.M.L.  on  the  shunt  system,  hence  but  few  of  this 
nature  (the  64-pr.  wedge  R.B.L.)  were  manufactured  and  we  have  an 
exterior  similarity  between  it  and  the  64-pr.  R.M.L.,  Mark  I,  (vide 
Plate  v.). 

But  although  these  rifled  gnns  were  more  powerful  than  the  S.B.  Necessity  for 
68-prs.,  they  soon  became  insufficient  for  the  modern  reqmrements  of  ^^  ^^^ 
naval  warfare,  for  the  power  and  precision  of   rifled  guns  and  the      *  '  ^^^' 
growing  use  of  shells  which  would  burst  on  striking  a  snip's  side  and 
make  a  hole  beyond  repair,  or  having  penetrated,  burst  between  decks,  Experuncnts, 
dealing  death  and  destruction  around,  and  probably  setting  fire  to  the  ^our  plates 
vessel,  necessitated  the  use  of  iron-cladj  ships.    To  penetrate  these  1860-64. 
necessitated  in  turn  the  use  of  still  more  powerful  guns,  and  then  com- 

*  Ab  to  S.B.  ordnance  prior  to  that  date,  and  as  to  carronades  being  introduced, 
vide  p.  67|  Chapter  III. 

t  A  small  number  of  these  guns  were  introduced  into  the  service,  but  they  are  for 
the  present  in  reserve ;  it  is,  however,  in  contemplation  to  utilize  these  pieces  by 
improving  their  B.L.  apparatus.    Vide  p.  159  for  description. 

X  The  power  of  direct  shell  fire  was  perceived  only  about  50  years  a^  ;  the  French 
then  adopted  the  Paixhans'  shell  gun,  and  General  Millar,  It.A.,  mtroduced  our 
10*  inch  and  8-inch  shell  guns ;  the  new  species  of  fire,  howereri  was  not  much  used 
until,  throudi  the  impetus  due  to  war,  its  development  advanced  pari  pagsu  with 
that  of  rifledordnance.  Nearly  all  the  naval  engagements  which  have  taken  place  of 
late  years  furnish  instances  of  the  destructive  effect  of  shells  on  wooden  vessels :— * 

At  Sinope  during  the  Crimean  war,  the  Turkish  fleet  wa«  actually  destroyed  bj 

(CO.)  a 
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CHAP.  IV.    racnced  those  contests  of  guns  vermis  armour  plates,  which  are  not  yet 

at  an  end.* 

As  to  the  con8tmcti<Hi  of  these  guns,  the  Armstrong  coil  system 

with  its  subsequent  modification  was  readily  accepted  as  the  best,  but 
BX.  V,  M.L.     the  rival  claims  of  muzzle  loading  and  breech  loading  led  to  conflicts 

as  severely  contested  as  those  of  guns  versus  iron  plates.  The  judg- 
Opinionof  iho  ment,  however,  of  the  Armstrong  and  Whitworth  Committee  in  1865 
AnuBtrong  in  favour  of  M.L.  guns  was  only  in  accordance — so  far  at  least  as 
andWliit-  heavy  guns  were  concerned — with  the  preconceived  opinion  of  our 
mittoe^*^^"  leading  artillerists,  for  any  B.L.  arrangement  with  guns  usmg  the 
^^      '  enormous  charges  required  would  of  necessity  be  both  cumbrous  and 

readily  liable  to  damage. 
Manufacture        Our  experience  also  in  the  wars  against  China  and  Japan  in  1863 
of  heavy  B.L.  showed  US  the  disadvantages  of  our  heaviest  7-inch  B.L.  guns  as  to  want 
stopped,  1862.  of  simplicity,  &c.,  and  in  consequence  no  heavy  guns  of  this  nature 

were  manufactured  subsequent  to  1860. 
Trial  of  R.M.        Between  1862  and  1866  extensive  trials  were  carried  out  against  iron 
L.  against        plates,|  where  both  the  64-pr.  B.M.L.  already  mentioned  and  other 
iron  plates,       K.M.L.  guns  acquitted  themselves  well. 
1862-66.  Meanwhile  the  manufacture  of  R.B.L.  guns  was  entirely'stopped,  and 

Colonel  Campbell,  R.A.  (now  General  Campbell,  C.B.,  D."  of  A.),  who 

succeeded  Sir  W.  Armstrong  as  Superintendent  of  R.G.F.  in  1863,  had 

already  begun  to  manufacture  experimental  R.M.L.  guns  built  up  on 
Experimental  the  Armstrong  construction  and  rifled  with  the  shunt  rifling  (the  64-pr. 
shunt  R.M.L.  RJkI.L.  shunt  was  finally  approved  as  a  S.S.  gun  in  March  1865)  when 
guns,  1863.  the  Admiralty  proposed  the  construction  of  built  up  S.B.  guns  of  large 
100  and  160-  calibre  to  penetrate  iron  armoured  ships  at  close  quarters.  Accord- 
pr.  S,B.  guns,  ingly  in  1864  two  natures  were  constructed  on  the  Armstrong  principle, 
1864.  viz. :  100  pr.  of  9"  calibre  and  150-pr.  of  10"'6  calibre.     It  soon  appeared 

evident,  however,  that  the  so-called  "  racking  effect "  of  the  spherical 
Good  results  projectiles  fired  from  such  pieces  would  be  powerless  agamst  the  iron 
obtained  from  plating  which  each  year  became  stronger.  In  fact  such  good  results 
M-pr.  M.L.  were  obtained  from  the  64-pr.  M.L.  shunt  gun,  as  well  as  from  larger 
1364  ^^"*'      experimental  guns  on  the  same  system  of  rifling  and  construction,  that 

the  Ordnance  Select  Committee  suggested  (Report  No.  3553,  25/ 11/ 

64)  that  the  above  two  natures  of  S.B.  guns  should  be  also  rifled  on  the 

shunt  system. 
They  were  found  to  be  of  too  weak  a  construction  for  that  purpose,^ 

Paixhans'  ezploaiTe  shtUa  fired  from  the  Bussian  yassala  "Oonstaniine"  and 
"  Paris." 

Li  the  American  war  of  1860-61,  the  iiondad  "Morrimao"  blew  up  by  sheU  the 
wooden  vessel  **  Congress,"  haying  first  made  dreadful  haroc  of  the  crew ;  and  the 
*'  Kearsage  "  sunk  \ke  ''  Alabama.'^ 

Lastly,  at  Lissa,  the  Italian  -ressel "  Palcftso  "  (partially  plated)  was  destroyed  by 
the  Austrian  sheUs. 

*  Shoeburyness,  where  these  trials  were  carried  out,  is  situated  on  the  upper  bank 
of  the  mouth  of  the  Thames.  It  was  purchased  by  €k>Yernment  for  an  artiUery 
practice  ground  on  account  of  tie  long  range  afforded  by  its  far  stretching  sands. 
In  1840  the  first  gunnery  practice  took  place  there,  and  '*  Shoeburyness  "  tlien  com- 
prised only  8  acres  of  upland  occupied  by  two  officers  and  a  gun  detachment ;  but 
field  by  Add  was  purchased  as  the  soienoe  of  artiUery  progressed,  and  there  are  now 
216  acres  of  upland  and  6,518  aeree  of  sands,  Gkremment  property.  A  straight  row 
of  pegs  extencU  for  10,000  yards  along  the  sands,  and  at  the  ebb  of  oertain  tides  a 
range  can  be  measured  and  the  shot  reootered  u]^  to  12,000  yurds. 

t'  Tide  the  raluable  report  on  "  The  Penetration  of  Iron  Armour  plates  by  Steel 
'•Shot,  fto.,''  1866,  by  Major  W.  H.  Noble,  Royal  Artillery. 

{  They  were  too  weak  longitudinaUy  for  rifled  guns,  as  pointed  out  by  the  Super- 
intendent B.O.F.,  subsequenUy,  indeed,  to  his  giring  this  opinion,  two  of  the  150-prs. 
blew  out  their  breech  during  praotice*  l%e  160-pre.  are  obsolete,  and  hare  been  le- 
tomed  into  stora.    The  lOO-prs.  are  used  for  SJ9<  drill  porpoaes  only. 
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and  in  1864  it  was  ivoposed  to  make  hevrier  pieees;  a  few  12-iiich*    CHiP.  lY. 
and  Id-inch  gvaoB  were  tiierefore  ordered  in  1864^  and  the  latter  (of         "= — 

which  only  four  were  made)  were  rifled  with  the  shont  rifling.f  ^z  "  h     d 

The  shunt  system  of  riflmg  had,  however,  some  disadvantages,  as  igi^ch  guns 

pointed  out  at  p.  45,  and  was  soon  succeeded  (in  1865)  by  the  so-called  oideredm 

Woolwich  system^  which  was  adopted  after  a  long  series  of  competi-  1864. 

tive  trials  carried  on  with  7-inch  built  up  guns  rifled  on  various  repre-  Woolwich 

sent. tive  By8tem8.§  &^. 

IntroducHott  of  Woolwich  GunSj  1865. 

There  was  not  much  difference  in  the  shooting  qualities  of  the  several 
eystems,  but  in  May  1865,  the  Ordnance  Select  Committee  reported  in 
favour  of  adopting  the  Woolwich  system  of  rifling  in  which  the  groove 
as  shown  below  is  a  modiflcation  of  the  groove  then  used  \rith  the 
French  heavy  guns.  [J 


The  shunt  system  was  therefore  abandoned,  and  the  M.L.  7-inch  Shunt  n^^g 
guns  in  course  of  manufacture  were  rifled  on  this  principle,  upon  which  ft^andoned. 
all  our  heavy  pieces  since  have  been  rifled. 

The  7-inch  referred  to,  and  introduced  into  the  service  in  1865,  were  Woolwich 
the  first  of  the  so-called   Woolwich  guns,  which  then  meant  wrought  f^^Lf^i^'s 
iron  MJj,  guns^  built  vp  on  Sir  W.  Armstroi^s  principle^  improved  upon    Definition  of. 
hi/  hooking  the  coils  over  one  another ^  and  having  solid  ended  steel  ban  els, 
rHied  on  the  system  shown  above,  for  studded  projectiles. 

The  8"  and  9"  guns  (Woolwich)  were  aUo  introduced  in  1865,  and  a  8-inoh  and 
few  12"  guns  of  25  tons  were  completed  hj  1866,  being  built  like  the  ^-^  fi^* 
previous  guns  on  what  was  called  the  *'  original  constructicm''  or  that    ^^' 
of  Sir  W.  Armstrong  (vide  p.  28),  where  a  forged  breech-piece  and  a 
munber  of  thin  coils  are  used. 

13118  original  construction,  thongh  it   gave   great   strength   and  Original 
efficiency,  was  an  expensive  mode  of  constrttcti<m,Y  and  so  far  back  as  ^3^  x^7 
October  1864,  the  attention  of  the  Ordnance  Sdect  CommiMee  had  been 
drawn  to  the  desirability  of  obtaining  some  cheaper  method.    In  1863, 
General  Campbell,  C.B.,  then  Siq)erintendent  ILG.F.  applied  himself 

*  These  25-ton  guns  mre  not  tried  until  1866,  and  vera  rifled  on  the  Woolwich 
ajBtem,  vide  p.  283. 

t  The  only  ffuns  rifled  on  this  principle  now  in,  our  semoe  are  certain  64-pr. 
B.M.L.  of  Marias  I.,  IL,  and  lEL,  which  wera  made'  prior  to  1871,  and  which  hare 
not  been  re-tabed  exnoo  then. 

The  obeolete  19^^-06  gnu,  ride  p.  886,  was  fint  rii&ed  witfa  shuift  lifiing^  bat  ae  ex- 
plained, were  bored  up  and  rifled  with  the  Woolwich  ^cooTe. 

X  For  description,  yide  Chapter  11.,  p.  45. 

f  For  further  aoooiuit  of  these  gnus,  vide  note  at  end  of  Chiqptar  IL,  p» 

II  The  O.S.C.  considored  this  system  the  best,  both  on  account  of  the  simple  form 
of  groove,  the  mm^iuntj  of  studdiDg  the  piojeetile»  and  the  advsnt^p  it  offered  in 
allowing  of  the  use  of  uie  iiwiTasing  twist. 

Y  The  cost  of  the  gnus  being  in  rotimd  munben  sbo«t  lOQI.  a  ton  ;  that  c/l  our 
present  construction  is  only  nool  65f. 

(c.0.)  O  2 
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Mr.  Fraser's 
modification 
proposed  in 
1807. 


Retention  of 
the  forged 
breech-piece 
till  1866. 
Abolition  of 
the  same  in 
1807. 


CHAP.  lY.    energetically  to  tbe  question  of  decreasing  the  cost  without  decreasing* 

the  strength  of  our  neavy  guns.    A  coarser  and  cheaper  iron  was  by 

his  exertions  obtained  and  used  with  much  success  in  the  manufacture 
of  the  bar  iron  for  the  coils. 

Next  came  the  question  whether,  in  addition  to  using  a  cheaper 
material,  the  absolute  construction  of  the  gun  could  be  improved,  sim- 
phlied,  and  also  made  less  expensive.  In  April  1867,  Mr.  Eraser,  the 
Deputy  Assistant  Superintendent,  Royal  Oun  Factories,  proposed  a  plan 
wMch  was  recommended  by  General  Campbell  to  supersede  the  original 
or  Armstrong  construction. 

The  theoretical  advantages  and  otherwise  of  the  original,  the  partially 
modified,  and  the  modified  construction  have  already  been  discussed  in 
Chapter  II.,  p.  29,  so  we  need  only  mention  here  that  experimental 
practice  proved  that  the  two  latter  were  as  strong,  if  not  stronger  than 
the  first  mentioned,  as  was  expected. 

In  the  earlier  Fraser  guns  the  modified  construction  was  only  partially 
adopted,  and  the  64-pr.,  7",  8",  and  9",  Mark  II.,  few  of  which  were 
made  in  1866,  retained  the  forged  breech-piece.  Since  1867,  however, 
these  natures,  and  indeed  all  our  heavy  guns,  have  been  made  entirely 
on  the  Fraser  modification  of  the  Armstrong  principle  and  without  any 
forged  breech-piece. 

Up  to  April  1867,  therefore,  all  our  heavy  E.MX.  guns  were  made 
on  the  original  construction,  hke  the  9-inch  gun,  Mark  I.  (see  Plate 
XIII.),  and  from  that  ,date  up  to  August  1869,  nearly  all  have  been 
made  like  the  9-inch  gun  No.  368,  or  Mark  III. — i.e.,  consisting  only 
of  four  parts,  viz.  steel  tube,  cascable,  B  tube,  and  breech  coil. 

The  alteration  which  then  took  place  in  the  manufacture  for  9-inch 
guns  simply  consists  in  having  a  thinner  steel  tube  and  two  coils  on  the 
breech  (see  Mark  IV.  and  V.,  Plate  XIII.),  instead  of  one  triple  one, 
The  higner  natures  are  made  in  the  same  way,  but  have  a  ^^  belt "  in 
addition  *  and  in  the  80-ton  gun  we  have  another  coil  in  the  front 
layer  of  iron  termed  a  2  B  coil,  otherwise  its  construction  is  the 
same  as  that  of  the  other  natures  except  in  some  minor  details  (vide 
p.  170), 

Heavy  HMXi,  Ouna  since  1867. 

So  much  as  to  the  origin  and  present  employment  of  the  Fraser  con- 
struction, with  which  we  are  quite  satisfied,  and  which  has  given  such 
excellent  resiilts  in  the  80-ton  gun.  To  return  once  more  to  the  history 
of  our  heavier  guns :  we  see  that  in  1867  64-pr.  T-inch,*}  8-inch,  and 
9-inch  guns  had  already  been  introduced.  Owing  to  the  success  of  the 
9-inch  gun  it  was  decided  in  1868  to  introduce  a  gun  of  10-inch  cahbre 
into  the  service.    A  few  of  these  powerful  pieces  (25)  were  made  of 

lO-inch  guns     *^®  s&me  pattern  as  the  9-inch  gun,  Mark  III. ;  but  the  remainder, 

1858  '    manufactured  subsequently  to  August  1869,  are  of  the  construction  of 

9-inch,  Mark  IV.  type  (vide  Plate  XIIL). 
We  have  a  large  number  of  10-inch  guns,  both  land  and  sea  service ; 

Penetration  of  ^^^^  ^^®  capable  of  piercing  about  12  inchest  of  iron  at  1,000  yards. 

10-inch  guna.    Some  of  these  pieces  were  constructed  on  tne  pattern  of  Mark  II., 

9-inch  gun ;  but  as  above  explained,  all  made  since  1869  are  on  shghtly 
different  construction,  both  for  convenience  and  economy  of  manu- 
facture, as  well  as  for  sound  theoretical  reasons. 


80-tou  gun. 


*  See  extracts  &om  proceedings  of  the  Ordnance  Select  Committee  for  1864p-9. 
t  As  mentioned  at  p.  169,  some  of  the  7^'  of  6i  tons  hare  been  reduced  to  still  lighter 
guns  of  90  cwts.  for  nayal  serrice  against  wooden  ships,  &o. 
t  According  to  Captain.Koble's  formulai  Tide  TahU,  p.  856* 
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As  already  mentioned,  a  few  (4)  12-mch  guns  of  25  tons  weight    CHAP.  IV. 

were  proposed  as  early  as  1864 ;  these  were  made  on  the  original  con-         

fitniction  and  completed  in  1866.    Between  1866  and  1871  some  other  12-inch  guns 
guns  of  this  nature  were  manufactured  on  the  same  type  as  the  x866-7l'" 
10-inch,  Mark  II.    These  guns  are  no  longer  being  made,  and  if  re- 
tubed  are  converted  into  11-inch  guns.    The  twist  of  rifling  of  these 
pieces  is  hardly  sufficient,  from  1  in  100  to  1  in  50  ;  and  they  are  not 
such  accurate  shooting  pieces  as  most  of  our  Woolwich  guns. 

An  1 1-inch  gun  was  recommended  in  1867  for  trial  in  comparison  11-inch  guns, 
with  the  12-inch,  in  order  "  to  determine  what  calibre  and  proportional  1870. 
length  of  bore  were  best  adapted  to  a  gun  of  from  23  to  25  tons  O.S.C.  Pro- 
weight."    The  question  was  decided  in  1870  in  favour  of  the  smaller  coedingB, 
calibre,  and  since  that  date  a  number  of  these  pieces  have  been  made ;  ^®^^»  PP-  ^^» 
their  penetration  at  1,000  yards  would  be  about  13  inches  of  iron.  ^^ 

In  1870  also,  as  mentioned  at  p.  79,  further  experiments  were  carried  Penetration  of 
out  with  regard  to  heavy  R.M.L.  howitzers  meant  to  take  the  place  of  ^l""^^|^  K'""'* 
large  S.B.  mortars  for  coast  defences  and  fortresses;  these  pieces  Experimental 
9-inch  and  10-inch  howitzers,  are  still  under  trial  isJo^e"' 

Committee  on  Explosives, 

About  this  date  much  light  began  to  be  thrown  upon  the  question  of 
gtm  construction  through  the  labours  of  the  Committee  on  Explosives 
appointed  in  1869,*  to  whose  valuable  scientific  researches,  carried  on  Committee  on 
with  the  improved  instruments  described  in  Chapter  XIII.,  we  owe  a  Explosives 
very  great  increase  of  knowledge  as  to  the  pressures  to  which  a  gun  is  fi^"^^   "* 
subjected  in  the  powder  chamber  and  other  parts  of  the  bore  on  the  important 
explosion  of  the  charge.    It  was  seen  that  by  modifying  the  nature  of  resulu  of 
powder  used  we  could  so  diminish  the  pressure  with  very  heavy  charges  their  inyesti- 
that  guns  might  be  made  of  a  size  much  larger  than  any  we  possessed,  g^tions. 
from  which  heavy  projectiles  could  be  fired  with  sufficiently  large 
charges  yet  without  straining  the  piece  inordinately. 

In  1871,  therefore,  we  advanced  a  step  further  by  completing  a 
35-ton  gun  of  ll"-6  calibre,  but  experiments  having  proved  that  this  g-  . 
calibre  is  not  suitable  for  the  efficient  combustion  of  120  lbs.  of  "P"  i87o."^^^' 
^pebble)  powder,  the  proposed  battering  charge  of  the  gun,  it  was 
oecided  to  bore  it  out  experimentally  to  12'',  and  to  complete  the  first 
nine  guns  required  at  once  by  the  navy  to  that  calibre.    This  nature 
of  gun,  originally  made  for  turret  ships,  proved  rather  short  for  its 
other  dimensions ;  a  pattern  for  a  38-ton  gun  about  3  feet  longer  in  the  38'ton  guns 
bore  was  provisionally  approved  of  in  1873.  1873. 

Experiments  made  by  the  Committee  on  Explosives  with  such  a  gun, 
bored  out  first  to  12  inches  and  then  to  12*5  inches,  showed  that  the 
latter  cdlibie  was  the  most  suitable  of  the  two.  It  was  consequently 
approved  in  November  1874,  that  the  calibre  of  this  piece  should  be 
12'5  inches,  the  charge  and  projectile  being  provisionally  110  lbs.  P. 
powder  and  an  800  lb.  shell. 

Further  experiments  by  the  Committee  enabled  them  to  report  that 
with  an  800  lb.  shot  and  130  lbs.  of  P*  powder  no  excessive  pressure 
was  occasioned  at  any  point  in  the  bore  when  these  charges  were  em- 


•  Colonel  YounghuBband,  P.R.S.  (Prosident),  Captain  A.  Noble,  F.B.S.,  C.B., 
CBptain  W.  H.  Noble,  B.A.,  F.  A.  Abel,  Esq^.,  P.R.S.,  Captain  0.  Malony,  BA.., 
Captain  Morgan  Singer,  B.N.  (members),  as  originally  appointed. 

The  constitution  of  this  oommittee  has  been  altered  from  time  to  time ;  at 
present  it  consists  of:  President,  Major-Gkneral  Younghnsband,  BA.,  F.B.S.; 
Members,  Captain  Bridge,  B.N.,  Colonel  Fraser,  B.A.,  Colonel  Hay  B JL,  Captain 
A.  Noble,  F.  Abel,  Esq.  |  Oaptain  C.  Jones,  B.A.|  Secretary. 


66 


mrBODVcnox  op  rdtled  obdnange. 


CHAP.  IV. 


Heayy  gunB  of 
Foreign 
Powers,  1876. 


Foreign  inm- 
oladB,  187S- 
76. 

Ghin  required 
to  piece. 
20-mch  of 
iron  at  1,000 
yards. 


80-ton  ffun 
ordere<£  1874. 


14*6-inoh 
calibre. 

Fire  proof. 

16-inch  calibre 
and  cham- 
bered. 

Velocity  and 


ployed  with  the  experimenial  gvm.  This  gvoi  was  finally  approved  of 
in  January  1875,  and  smce  th^  date  a  niunber  of  38-ton  guns  ha^e 
been  mannf actnred  both  for  the  annament  of  our  coast  defences  and 
men-of-war.  Since  1875,  furrier  experimeDts  have  shown  that  the 
charge  of  this  piece  can  be  still  further  increased,  and  a  correspcmding 
increase  in  power  obtained. 

The  absolute  necessity,  however,  of  our  manufacturing  larger 
ordnance  in  order  not  to  be  left  behind  by  other  nations  was  evident 
from  the  fact  that  experimental  guns  were  at  this  time  in  process  of 
manufacture  by  or  for  foreign  navies,  much  exceeding  in  effective 
power  our  88-tQn  gun.* 

In  addition  to  this,  although  the  power  of  our  guns  had  so  far  kept 
well  up  with  the  defensive  power  of  iron  shields,  yet  as  the  latter  con- 
tined  to  increase  in  thickness  it  was  evident  we  should  have  to  acknow- 
ledge that  guns  were  beaten  unless  we  further  developed  their  power. 
In  1873,  indeed  the  Russians  were  hard  at  work  upon  a  man-of-war, 
^'  Peter  the  Great,"  which  was  to  carry  20  inches  of  armour ;  thd 
Italian  ships  "  Builio  "  and  ''  Dandalo  "  were  to  have  20  inches  of  iron 
plates ;  and  other  nations  were  moving  in  the  same  direction.  We  had 
no  guns  capable  of  piercing  such  a  mass  of  metal,  and  in  the  same 
year  the  Director  of  Naval  Ordnance  applied  to  the  War  Office 
authorities  for  a  gun  capable  of  sending  its  projectile  through  20 
inches  of  iron  at  1,000  yards ;  the  Admiralty  at  the  same  time  pro- 
posed a  design  for  a  turret  ship  capable  of  carrying  four  such  guns.t 

The  data  possessed  as  to  the  piercing  power  of  guns  is  very  incom- 
plete (vide  Chapter  XIII.,  p.  332  ),  so  &at  the  problem  was  not  an  easy 
one.  At  a  meeting  of  the  Heads  of  Departments,  however,  it  was 
decided  that  an  experimental  gun  should  be  manufactured  to  weigh 
about  75  tons,  and  to  be  24  feet  long  in  the  bore,  with  a  calibre  of 
14  inches,  this  calibre  to  be  subsequently  bored  up  to  15  and  16  inches 
successively  in  order  to  determine  the  proper  cahbre,  rifling,  charge, 
&c.,  &c.  In  the  early  part  of  1874,  the  Achniralty  acquiescing  in  the 
suitability  of  such  a  gun,  the  Secretary  of  State  for  War  ordered  its 
manufacture,  the  cost  of  the  piece  l^ing  estimated  at  about  8,000/. 
and  its  weight  80  tons. 

The  question  of  length  offered  no  difficulties,  thanks  to  the  improved 
methods  of  loading  by  endless  chain^  or  hydraulic  rammer,^  and  it  was 
decided  that  the  bore  should  be  18  calibres  in  length. 

This  experimental  gun  was  manufactured  in  the  usual  manner  (with 
the  slight  difference  due  to  its  size),  having  a  steel  tube  and  a  few 
heavy  coils.  It  was  completed  in  September  1875,  being  bored  up  to 
14*5  inches  calibre  riJQed  with  11  grooves,  for  studded  projectiles,  twist 
increasing  from  0  to  1  in  35.  It  was  proved  with  charges  increasing 
from  170  to  240  lbs.  and  1,260  lbs.  projectile,  giving  with  the  last  men- 
tioned a  M.Y.  of  1,550  f.s. 

Further  experimental  firing  took  place  in  December  1875,  and  the 
gun  being  bored  up  successively  to  15  inches,  chambered  to  16  inches, 
and  again  bored  up  to  16  inches,  was  tested  in  1876,  with  gradually 
increasing  weights  of  shot  and  powder.  With  a  projectile  of  1,700  lbs. 
it  gave  as  much  as  542  f.-tons  per  inch  of  shots  circumference  at 


•  Vide  Table  p.  96. 

t  This  yessel,  the  **  Inflexible,"  is  now  in  a  yety  forward  state. 

1^  The  method  of  kadzng  gam  by  means  of  an  endlesB  dbain,  has  been  worked  out 
in  the  K.CD.,  and  promises  the  most  favoturaUe  resukft. 

§  See  an  interesting  aooonnt  <^  this  arrangement  in  Ae  Proceedings  of  Institute 
CJB.,  by  Mr.  ,&.  Bendell,  of  the  Elswick  Ordnance  Co.,  to  whom  we  are  indebted 
principally  for  this  adnrirable  ndaptatiQn  of  hydraulios. 
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the  muzzle,  or  a  piercing  power  at  1,000  yards  of  over  21  inches  of    CHAP.  lY. 
^ron.  — 

In  the  same  year  this  gun  was  sent  to  Shoeburyness  for  trial  as  to  P«»«^«^"^« 
range  and  accuracy  and  proved  in  that  respect  very  satisfactory,  the  f ^T^'' 
practice  with  shot  of  1,700  lbs.  and  a  charge  of  370  lbs.  P»  powder,  l^^^ 
being  very  good.    Thus  in  a  series  of  rounds,  at  a  range  of  about 
4,700  yards,  or  nearly  three  miles,  the  mean  error  of  direction  was 
but  1*8  yards,  and  that  of  range  under  15  yards. 

In  1877,  the  tube,  weakened  as  it  was  by  the  holes  bored  for  a 
number  of  crusher  plugs,  gave  way  under  the  large  number  of  heavy 
charges  fired,  and  a  slight  crack  appeared  running  some  httle  way  into 
the  powder  chamber.  However  as  the  defect  did  not  in  any  way 
endanger  the  safety  of  the  piece,  the  latter  was  further  tested  against 
iron  plates,  and  then  chambered  to  18  inches.  Several  rounds  have 
subsequently  been  fired  against  plates  with  still  larger  charges  without 
developing  the  defect  in  the  tube  to  any  extent. 

More  guns  of  this  nature  are  now  in  course  of  manufacture,  they 
will  have  a  calibre  of  16  inches,  an  enlarged  chamber  of  18  inches  in 
diameter,  and  a  polygroove  rifiing. 

While  in  the  R.G.F.  an  80-ton  gun  was  being  experimented  with,  the 
enterprising  Elswick  firm  were  manufacturing  a  still  heavier  R.M.L. 
piece  of  100  tons  for  the  Italian  government.  The  first  of  these  pieces 
was  tested  at  Spezzia,  in  1876.*  So  excellent  were  the  results  given 
by  this  gun  that  in  1878,  when  the  political  horizon  was  somewhat  ' 
gloomy,  our  government  considered  it  advisable  to  purchase  4  of  these 
guns  &om  Sir  W.  Armstrong  and  Co.  These  four  guns  will  be  com- 
pleted in  1878,  and  will  form  a  powerful  addition  to  our  ar tilery. 
They  are  built  up  on  the  Armstrong  construction  (as  described  at 
p.  28),  but  without  a  forged  breech  piece,  but  the  irnif'r  tube  of  these 
gun3  consists  of  two  steel  tubes  united  together  by  means  of  a  collar 
shrunk  on.  The  system  of  rifiing  is  polygrooved  (28  grooves),  the 
projectile  being  rotated  by  a  copper  expanding  cup.  The  spiral  of 
rifling  increases  from  the  breech  to  within  a  short  distance  from  the 
muzzle,  from  which  point  it  continues  to  muzzle  with  an  uniform  twist. 

The  competition  between  guns  and  plates  still  however  continues, 
and  the  Italians  are  now  constructiDg  two  ships  which  will  be  pro- 
tected by  steel  armour,  27  inches  thi(S:,'|'  pat  on  in  great  blocks  weigh- 
ing from  60  to  70  tons.  It  is  evident  therefore,  that  it  may  be  necessary 
h^ore  long  to  make  much  heavier  pieces,  than  even  those  of  100  tons,  and 
as  soon  as  the  necessity  arises  the  manufacture  could  readily  be  canied 
out  of  guns,  which  would  pierce  armour  plates  3  feet  thick  at  the 
distance  of  a  mile  or  more. 

B48umi  as  to  Service  Guns.  Heary  guns. 

To  sum  up  in  brief  the  history  of  our  guns  to  the  present  date : 
Prior  to  1859,  our  armament  consisted  exclusively  of  S.B.  peces,  Our  arma- 
wbb  the  exception  of  a  few  rifled  guns  tried  subsequently  to  1854,  ment  smooth- 
such  as  those  of  Lancaster,  which  were  not  adq)ted,  although  a  few  i?^?^^"*^'  ^^ 
S.B.  guns  rifled  on  Mr.  Lancaster's  principle  wer«  employed  in  the  ^  ' 
Crimean  war  without  much  success.     Sir  W.    Armstrong's  K.B.L.  j^^^j^i^,, 
wrought  iron  (or  steel  and  wrought  iron)  built  up  guns  using  lead  g^^^  ^§54^ 
coated  projectiles,  were  adopted  in  1859,  aad  large  numbers,  roundly 
bout. 3^00,  of  these  pieces  of  calibres,  vaiying  from  2*5  inches  to 

--      -  II  n  t  r        I       --      — — — — ^— — — — ^^^.— — ^^^— — -■  - 

*  The  SuperinteBdent  E.6.F.,  Oenmtd  YomgbKubnnd*  C.B.,  ttttended  these 
.  rials  in  ei  official  eApacity,  and  full  deHmih  of  tkiB  iaterertiTig  eeriee  of  ez|9«rime&to 
.  vUl  he  tound  in  lus  report. 

t  Supposed  to  equal  some  SC  inehos  of  wrought  iron 
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7  inches,  were  manufactured  between  1859  and  1863.  We  obtained  by 
this  means  an  armament  surpassing  at  the  time  in  power  'that  of  other 
nations,  but  foimd  that  although  the  general  principles  of  construction 
were  good,  yet  that  the  B.L.  system  itself  was  faulty. 

In  1863,  we  therefore  began  tentatively  to  manufacture  R.MJj.  guns 
of  similar  construction,  and  after  an  extended  series  of  experiments,  in 
which  every  promising  system  of  construction  and  rifling  had  a  fair 
trial,  we  finally  adopted  in  ]  865  as  the  best  then  existing,  the  so-called 
Woolwich  guns,  where  the  guns  were  built  up  on  the  Armstrong 
principle,  but  were  M.L.  and  rifled  on  a  modification  of  the  French 
system,  using  studded  projectiles. 

In  1867,  the  construction  of  these  guns  was  improved  and  cheapened 
through  the  modifications  proposed  by  Mr.  Fraser,  C.B.  and  carried 
through  by  General  Campbell,  C.B.,  R.A.,  (then  Superintendent  R.G.F.). 

Since  that  date  great  numbers  of  heavy  Woolwich  guns  have  bt>en 
manufactured,  and  as  the  means  of  defence  became  developed  so  the- 
size  of  our  guns  has  increased,  until  we  arrived  in  1871  at  the  35-toa 
Woolwich  infant,  which  subsequently  grew  into  the  38-ton  800-pr., 
while  in  1876  we  completed  the  80-ton  gun,  throwing  projectiles  of 
1,700  lbs. 

In  1878,  we  added  to  our  armament  four  100-ton  Armstrong  guns 
throwing  shot  of  2,000  lbs.,  and  guns  have  already  been  designed,  and 
could  readily  be  made  in  R.G.F.  which  would  surpass  the  latter  in  power 
to  as  gi*eat  an  extent  as  they  themselves  surpass  the  38-ton  service  gun.. 

Jn  the  100-ton  gun  we  see  a  polygroove  system  retmmed  to  with  an 
expanding  rotating  cup.  The  same  system  will  take  the  place  of  the 
stud  syatem,  also  in  our  80-ton  guns.  We  have  not  only  made  these 
strides  in  the  size  and  weight  of  our  guns  and  projectiles,  but  of  late 
great  increase  of  power  and  accuracy  of  shooting  has  been  given  to  the 
various  natiu*es  of  our  heavy  ordnance,  by  increasing  the  charges  used,, 
and  by  insuring  that  these  charges  are  burnt  in  a  definite  and  constant 
space  or  chamber  in  rear  of  the  projectile. 

With  regard  to  medium,  siege,  field,  and  iHountain  guns,  these  also* 
were  S.B.  of  bronze  or  cast  iron,  as  was  the  case  with  heavy 
guns  until  1859,  when  the  S.B.  guns  were  superseded  in  a  great 
measure  by  R.B.L.  Armstrong  pieces,  with  which  our  active  army  and 
siege  train  were  entirely  equipped.  We  ceased  to  make  these  R.BJL^ 
guns  in  1863,  but  it  was  not  until  exhaustive  inquiries  had  been  com- 
pleted that  in  1870  we  carried  out  the  manufacture  on  a  large 'scale  of 
our  present  R.MX.  siege,  field,  and  mountain  guns,  which,  like  the 
heavy  ordnance,  are  built  on  the  Fraser  modification  of  the  coil  con* 
struction,  with  steel  tubes  and  wrought  iron  exterior  coils,  and  which 
fire  studded  projectiles.  Since  1868  we  have  also  converted,  as  an 
economical  measure,  a  very  large  number  of  S.B.  cast  iron  guns  into 
more  powerful  R.M.L.  pieces  on  the  Palliser  principle. 

For  the  last  three  years  extensive  experiments  have  been  carried  out 
with  short  howitzers  or  rifled  mortars,  as  siege  train  pieces  for  indirect 
fire,  and  we  have  now  a  light  and  a  heavy  nature  which  afford  an 
accurate  and  powerful  fire.  Two  natures  of  long  howitzers  of  a  much 
more  powerful  description  are  now  being  manufactured,  and  our  siege 
train  will  soon  embrace  a  very  formidable  armament.  Here,  as  with 
the  heavier  guns,  the  tendency  is  to  adopt  the  polygroove  system  of 
rifling.  Great  improvements  have  also  been  made  of  late  in  increasiog 
the  power  of  our  smaller  guns  by  the  use  of  gas  checks,  forward 
venting,  the  adoption  of  a  definite  powder  chamber  and  increased 
eharges.  Our  field  artillery  will  soon  be  strengthened  by  the  addition 
of  a  13-pr.,  which  will  equal  if  it  does  not  excel,  the  most  modem 
impix)vement  in  field  guns,  that  of  the  French. 
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With  the  extensive  and  widely  scattered  possessions  of  this  great    CHAP.  rv. 
empire  of  Great  Britainj  which  has  ships  of  war  on  every  sea,  and         -^^ 
fortresses  in  every  climate  imder  the  sun,  it  is  evident  that  the  replac- 
ing in  a  few  years  the  whole  of  the  armament  of  our  immense  fleet, 
and  of  our  coast  and  laud  defences,  would  be  too  gigantic  an  operation 
to  attempt,  and  we  consequently  find  that  we  have  four  large  classes  Classee  of 
of  ordnance  in  the  service:  S.B.  of  cast  iron  and  bronze  of  wliich   ^^°*°c«i" 
thousands  still  remain  in  use  though  they  are  rapidly  being  replaced,      ®  ^orr^oe- 
besides  a  great  number  R.MIj.  converted  on  the  Palliser  principle  from 
S.B.  ordnance;  some  3,500  RB.L.  guns  principally  in  reserve,  and 
several  thousands  R.M.L.  pieces  of  different  descriptions.    Our  heavy 
B.MXi.  guns,  both  in  weight  and  number,  sui*pass  very  much  those 
possessed  by  any  other  nation,  and  constitute  an  armament  of  which 
we  may  well  be  proud ;  their  manufacture  is  simple,  their  power  and 
accuracy  remarkable,  and  their  cost  comjtaratively  small.* 

We  have  in  England  carried  out  at  a  considerable  expense  more  ex- 
tens  jve  experiments  f  than  those  ever  attempted  elsewhere,  and  are 
well  repaid  for  an  expenditure  the  results  of  which  are  so  satisfactory. 

So  far  as  one  can  pry  into  the  future,  the  history  of  our  guns  will  be  Experiments 
a  successful  history,  being  the  outcome  of  patient  perseverance,  of  neceawijand 
scientific  investigation,  and  of  a  steady  disregard  on  the  part  of  our  r^^JJ^tL 
artillery  authorities  of  short-lived  clamour  for  novelty,  prompted  by    ^ 
interest,  panic,  or  an  exaggerated  estimate  of  the  value  of  some  foreign 
artaiery. 

Not  to  advance,  however,  is  to  go  back  in  artillery  as  in  other 
sciences,  and  on  this  accoimt  there  is  no  doubt  that  we  must  ever  con- 
tinue to  try  and  try  again,  without  grudging  too  much  a  necessary 
expenditure  upon  those  experiments  which  will  be  requisite  as  time 
goes  on,  if  we  wish  the  history  of  our  guns  in  the  future  to  show  as 
steady  and  satisfactory  a  progress  as  that  achieved  during  the  last 
quarter  of  a  century. 


*  e.g.^  Onr  80-ton  gun  will  cost  aboufc  10,000/. ;  the  100-ton  Armstrong  guns  cost 
about  16,0002. ;  while  it  is  understood  that  the  expense  of  the  57-ton  gun  of  Erupp 

is  i5,ooo;. 

f  Experiments,  it  maj  be  obeerred,  carried  out  in  the  face  of  day,  as  to  the 
accuracj  and  reliabilitj  of  whidi  there  can  be  no  doubt. 
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CHAPTER   V. 

PRINCIPAL  OPERATIONS  IN  THE  MANUFACTURE  OF 

OUR  RIFLED  ORDNANCE. 


Opxbatioits. 

Maohinery. — Steam  hammen  and  their  power. — Manufttotnre. — Steel  Ingota.-— 
Testing  of  Steel. — ^Testing  machine  used. — Manufacture  of  hars. — Coils  and 
coiling. — ^Welding. — Solid  forgings. — Tronnion  ring. — ^Uniting  coils  to  form  a 
tube. — Shiinldng. — ^Mode  of  crushing. — Manufacture  of  a  jacket.— Centring.^ 
Turning. — Boring. — ^Broaching. — Lapping. — ^Blfliner. — ^Unif orm  twist. — ^Increas* 
ing  twist. — ^Drilling. — Screw  cutting. — Slotting  and  planing. — ^Viewing  and 
gauging. 


Slachiner}'. 


Communica- 
ting of 
motion  from 
the  engine 
to  the 
machines. 

Belts  or 
bands. 

Tooth- 
wheels. 

Spur-wheels. 


Bevil- 
wheels. 

Mitre- 
wheels* 


MACHINERY.* 

In  the  Royal  Gun  Factories  steam  power  is  employed  for  driving  the 
whole  of  the  machinery,  and  also  for  working  the  heavy  hammers,  while 
hydraulic  power  is  used  in  some  of  the  heavy  cranes  and  testing 
machines.  Before  proceeding  to  detail  the  various  more  important 
operations  it  is  advisable  to  explain  briefly  some  of  the  terms  used  in 
mechanics,  in  order  to  facilitate  the  description  of  the  different 
machines  used  in  the  Department. 

Steam  engines  are  employed,  as  in  most  factories,  to  give  rotation  to 
long  pieces  of  "  shafting  "  or  rods  of  iron  which  run  the  whole  length 
of  each  shop,  and  carry  a  number  of  "j!>wZ%5'' or  wheels  having  a  broad 
circumference  or  rim.  Motion  is  transferred  by  means  of  "  hdU  *  or 
"  hands  '*  of  leather  from  these  to  similar  pulleys  attached  to  each 
machine,  this  being  the  method  usually  employed  for  communicating 
motion  from  one  axle  to  another  at  a  distance  from  it.  When  axles  are 
near  one  another  "  tooth-wheels  "  are  used  to  transmit  the  power ;  these 
wheels  being  of  different  forms  and  sizes  accoi-ding  to  the  relative 
positions  of  the  axles  and  the  work  which  the  machine  is  required  to 
perform.  When  the  axles  are  parallel  the  ordinary  **  spur-wheels  "  are 
used,  that  is,  wheels  in  which  the  teeth  project  radially  from  the 
circumference.  If  not  parallel,  wheels  having  the  teeth  formed  on  the 
surface  of  a  cone  instead  of  on  the  circumference  of  a  circle,  must  be 
employed ;  these  are  called  ''  bevil-wheels" 

'*  Mitre-wheels "  are  bevil-wheels  of  equal  size  whose  axes  are  at 


*  For  a  fuller  description  of  machinery,  see  "  The  Elements  of  Mechanism/'  and 
" Principles  of  Mechamcs/'  hy  Professor.T.  M.  Goodeye,  M.A.;  also  "Workshop 
Appliances,"  by  Professor  Shelley,  C.E. :  -which  are  some  amonest  the  many  useful 
manuals  of  recent  date  upon  this  subject.  The  details  in  this  chapter  are  intended 
more  especially  for  the  instiuction  of  Artilleiy  Claeses  in  the  B.Gi-.£^. 
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right  angles  to  one  another,  and  are  much  used  for  changing  the     CHAP.  Y. 
direction  of  motion.  

A  '•^pinion  "  is  a  spur-wheel  with  a  small  number  of  teeth  gearing  Back  and 
into  a  larger  wheel  or  into  a  rack.    A  "  rack  "  is  the  name  given  to  a  pinion, 
straight  piece  having  teeth  projecting  from  its  surface. 

A  '*  worm-tched "  is  a  spur-wheel  with  oblique  teeth  shaped  so  as  Worm- 
to  gear  with  the  thread  of  a  screw,  and  the  combination  of  the  two  is  wheeL 
one  method  of  obtaining  increased  power  by  the  sacrifice  of  velocity. 
This  arrangement  is  in  general  use  in  steam  cranes,  for  should  any  pai-t 
of  the  engine  get  disabled  the  screw  becoming  fixed  prevents  the  lift 
running  down.    Another  way  of  increasing  power  at  the  loss  of  velocity 
is  also  effected  by  using  tooth  wheels  of  different  sizes ;  thus,  if  a  wheel 
one  foot  in  diameter  with  10  teeth  be  made  to  drive  another  five  feet  in  Methodi  of 
diameter  and  having  60  teeth,  the  latter  will  revolve  only  once  while  L"^^"^^ 
the  former  turns  five  times,  but  the  force  required  to  stop  the  largo 
wheel  will  be  five  times  that  which  works  the  small  one,  not  taking 
friction  into  account.    "  Cone-Alleys  *'  can  also  be  used  for  varying  the  Cone- 
speed  of  machines.  pulleys. 

Wheels  of  different  sizes  are  also  used  to  vary  the  rate  of  revolution  Change- 
of  the  work  without  reference  to  the  power.    For  instance,  in  the  screw-  '"^heeU. 
cutting  lathe  there  is  only  one  screw  used  as  a  copy,  but  a  "  thread*^  of 
any  required  "  pitch "  can  be  cut  by  introducing  a  series  of  "  change- 
wheels^^  so  as  to  alter  the  ratio  of  the  revolution  of  the  work  to  that  of 
the  copy. 

A   ^^  screw-thread^^  is   a  projecting  rim  running  spirally  round  the  Screw-thread, 
exterior  or  interior  of  a  cylindrical  surface;   the  former  is  called  a 
"ma/e"  thread,  and  the  latter  a  ^^ female"  thread,  and  the  rim  of  each 
Is  shaped  so  as  to  correspond  with  the  other.    The  ^^  pitch  "  of  a  screw  Pitch  of  a 
is  the  distance  between  coiTesponding  edges  of  two  adjacent  threads  screw, 
measured  parallel  to  the  axis  of  the  screw,  and  is  the  distance  the  sci^w 
travels  when  completing  one  revolution  on  its  axis.     In  practice  the 
pitch  of  screw  bolts  is  usually  estimated  by  the  number  of  threads  in  an 
inch  of  length,  thus,  the  screw  of  the  present  pattern  copper  vent  bush  is 
called  "  seven  threads  to  the  inch." 

Screws  are  generally  right-handed^  that  is,  the  screw  progresses  when  Generally 
turned  in  the  same  direction  as  the  hands  of  a  watch.     Left-handed  right-handed, 
screws  are,  however,  sometimes  used  for  special  purposes,  as  in  the 
instrument  for  taking  impressions  of  the  bores  of  guns. 

A  "  double-threaded "  screw  is  one  in  which  two  parallel  threads  Double- 
starting  from  opposite  sides  of  the  cylinder  are  wound  round  it  side  by  thread, 
side.  The  object  is  to  increase  the  bearing  surface  of  the  thread  with- 
out reducing  the  pitch,  that  is,  the  rate  of  progression.  Thus,  in  a 
single  threaded  screw  of  one  inch  pitch  the  screw  travels  one  inch  for 
each  turn,  but  if  an  intermediate  thread  be  wound  round  the  bolt  the 
bearing  surface  will  be  as  great  as  that  of  a  screw  whose  pitch  is  only 
0*5  inch,  but  the  travel  of  the  bolt  will  still  be  one  inch.  This  kind 
of  thread  is  therefore  used  in  cases  'where  considerable  resistance  to 
shearing  is  required,  while  the  saving  of  time  is  also  an  object,  as  in 
the  breech-screw  of  the  7-inch  B.L.  gun. 

Now  in  order  that  the  various  machines  may  be  capable  of  perform- 
ing the  work  required  of  them,  the  rotatory  motion  derived  from  the  Conyewion  of 
steam  engine  must  be  changed  into  rectilinear  and  other  motion,  and  circular 
nearly  the  whole  of  the  combinations  of  machinery  may  be  said  to  ^oiprooSimr 
consist  indifferent  methods  of  converting  circular  motion  into  recipro-  and  vice 
eating  motion,  and  vice  vers&.  '  versA. 

The  conversion  of  circular  into  reciprocating  motion  is  most  com- 
monly effected  by  means  of  "  coma**  (the  ordinary  eccentric  being  only  Cams. 
a  particular  foim  of  cam),  which  name  is  given  to  a  curved  plate  fixed 
(c.o.)  H 
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Cranio. 

Pawl  and 

ratchet. 


motion. 


Idle-pulky. 

Fast-pulley. 


Kasmyth's 
steam  ham- 


mers. 


Ck>ndie'8. 


Power  of  ham- 
mers used  In 
the  E.a.F. 


to,  or  a  groove  cat  in,  a  revolving  spindle,  which  plate  or  groove  oom- 
municates  motion  to  another  piece  by  the  action  of  curved  edges;  by 
varying  the  form  of  the  plate  or  groove  any  required  motion  can  bo 
obtained. 

Eectilinear  motion  is  converted  into  circulu*  by  the  ^' crank"  as  in  a 
steam  engine,  or  by  means  of  a  pawl  and  ratchet-wheel,  the  pawl  being 
earned  on  a  jointed  arm  worked  by  a  cam;  the  former  gives  continuous 
motion,  while  the  latter  gives  intermittent  motion  such  as  is  required 
in  the  ^^feed  "  of  slotting  and  other  similar  machines. 

The  following  is  the  method  employed  for  reversing  the  motion  of  the 
boring  or  riflmg  machines.*  The  saddle  carrying  the  boring  ^or  rifling) 
bar  works  on  a  screw  running  the  whole  length  of  the  macuine.  On 
the  end  of  this  screw,  away  from  the  gun,  is  fixed  a  bevil-wheel,  into 
which  two  other  similar  wheels  gear,  the  axis  of  the  two  latter  being 
concoixlant  and  at  .right  angles  to  that  of  the  screw.  One  wheel  is 
attached  to  a  pulley  by  a  hollow  spindle,  through  which  a  smaller 
spindle  passes,  connecting  the  other  wheel  to  a  second  pulley,  so  that 
each  is  capable  of  turning  independently  of  the  other.  Between  these 
two  pulleys  is  a  third,  riding  loose  upon  the  spindles,  and  called  an 
"  idfe-pw/fey;"  the  workman  by  shifting  the  band  to  this  idle-pulley, 
can  stop  the  machine  without  interfering  with  the  rest  of  the  shop,  and 
by  shifting  the  band  to  one  or  other  of  the  ^^ fast-pulleys  "  he  can  set 
the  machine  in  motion  in  either  direction,  as  the  direction  in  which  the 
screw  will  turn,  and  consequently  the  saddle  travel,  depends  upon  which 
bevil-wheel  the  power  is  passing  through.  When  once  set  in  motion 
the  machine  is  self-acting.  So  soon  as  the  saddle  reaches  one  extremity 
of  the  bed  a  projection  on  it  comes  in  contact  with  a  stop  fixed  on  a 
rod  running  along  one  side  of  the  machine.  This  rod  acts  on  the  band 
through  a  series  of  bent  or  "  bell-crank  '*  levers,  and  shifts  it  from  the 
one  driving  pulley  to  the  other,  passing  over  the  idle-pulley.  Thus  the 
power  is  transferred  to  the  other  bevil-wheel,  and  the  motion  of  the 
saddle  reversed.  On  reaching  the  other  end  of  the  bed  the  projection 
from  the  saddle  acts  upon  the  rod  in  the  opposite  direction,  the  band  is 
shifted  back,  and  the  motion  again  reversed. 

A  simpler  method  of  reversion,  now  much  used,  is  by  crossing  the 
strap,  which  passes  over  one  of  the  driving  pulleys,  and  consequently 
motion  is  produced  opposite  to  that  which  takes  place  when  the  uncrossed 
strap  is  on  its  driving  pulley.  Still  another  method  is  by  passing 
the  power  alternately  through  a  different  number  of  spur  wheels. 

Steam  Hammers. — The  most  powerful  hammers  employed  in  the 
Koyal  Gun  Factories  are  Nasmyth's  double  acting  steam  hammers,  that 
is,  hammers  in  which  the  steam  power  is  [used  not  only  in  raising 
the  block  but  also  in  driving  it  down  upon  the  forging.  In  these 
the  steam  cylinder  is  fixed,  and  the  falling  weight  is  attached  to  the 
piston,  but  smaller  ones  are  used  constructed  after  Condie's  patent,  in 
which  the  piston  is  fixed  and  the  cylinder  moves,  thus  forming  part  of 
the  falling  weight.  The  piston  is  a  double  pipe  through  which  the 
steam  passes  into  the  cylinder ;  when  steam  enters  through  one  pipe  it 
lifts  the  cylinder,  and  when  through  the  other  it  drives  it  down  on  to 
the  forging. 

It  is  impossible  to  say  absolutely  what  blow  per  square  inch  any  par- 
ticular hammer  can  give,  as  it  varies  with  the  height  and  size  of  the 
mass  being  forged,  the  pressure  of  the  steam  in  the  boiler,  &c.,  &c. 

The  following  table  gives,  however,  a  comparative  statement  of  the 
equivalent  in  yoo^to7i«f  for  each  hanmer,  suf^xming  the  block  to  fall 

t  For  a  detailed  deaeriptioii  of  the  rifling  machine,  ride  p.  114. 

t  A  £oot-ton  being  the  Uow  struck  }yj  a  ton  falling  ibzongh  one  foot. 
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the  full  stroke  of  the  cylinder  and  the  steam  pressure  to  be  about     CHAP.  Y. 
50  lbs.  on  the  square  inch.  ^*— 

TABLE  XL 

Table  showing  the  Power*  of  Steam  ELammers  in  the   Royal  Gun 

Factories. 


Actual 

Diameter 

Length 

Preasore 

of 

Steam  on 

];*iBton. 

Blow 

Komioal  Weight  of  Btock. 

Weight 

of 

of 

on 

of  Block. 

Cylinder. 

Stroke. 

AnvU. 

Tons. 

Inches. 

Feet. 

Tons. 

Foot-Tons. 

Naamyth's,  40    tons 

40 

55 

10-5 

63 

977 

12      „ 

16 

38-25 

7-66 

25 

314 

10      , 

14 

87  -625 

8-41 

25 

328 

»             •       «             •  • 

8 

29  125 

6-83 

15 

146 

MorriBon's,    4      „ 

4 

26*5 

4.75 

12 

76 

Condie's,       3^    „ 

3i 

23-25 

4-83 

9-5 

63 

Manufacturinq  Operations. 

Having  thus  briefly  noticed  some  of  the  principal  features  in  the 
machines  used  in  the  Gun  Factories,  w^  shall  now  describe  tl\e  various 
manufacturing  operations. 

The  raw  materials  we  employ  are  either  steel  or  wrought  iron,  the  Raw  materials 
former  being  obtained  in  ingots  from  contractors  and  the  latter  pro-  oised. 
duced  direct  or  else  worked  up  in  the    Department    as    described 
further  on. 

Manufacture  and  testing  of  Steel  Ingots, 

Steel  ingots  for  the  inner  barrel  of  guns,  or  for  the  whole  gun  in  the  Steel  ingots 
case  of  7-prs.,  are  supplied  to  the  Royal  Gun  Factories  by  the  contrac-  ^or  barrels, 
tors  in  the  form  of  solid  cylinders  cast  and  afterwards  forged  under  a 
heavy  hammer.*  Casting  is  necessary,  not  only  for  the  purpose  of 
obtaining  a  sufficiently  large  block  of  steel,  but  also  for  making  the 
block  homogeneous  and  uniform  in  structure.  Forging  or  drawing  out 
the  cast  block  imparts  to  it  the  desirable  properties  of  great  soUdity 
and  density. 

The  mould  is  of  cast  iron  and  octagonal  in  shape,  being  smeared  Casting, 
inside  with  some  non-conducting  substance,  generally  a  mixture  of 
black  lead  and  oil.  That  for  the  9-inch  ingot  is  5  feet  long  and  2  feet 
thick.  After  casting  the  steel  is  covered  with  ashes  or  other  non-con- 
ducting substances,  and  allowed  to  cool  very  gradually ;  when  cold 
a  portion  is  cut  off  the  top,  and  the  lower  end  being  the  denser,  is 
marked  for  the  breech. 

The  block  thus  formed  is  drawn  oi;t  by  a  series  of  heatings  and  Forging, 
hammerings  which  occupy  several  days,  to  a  cylinder  sufficiently  long 
for  an  inner  barrel,  in  which  state  it  is  sent  to  the  Royal  Gun  Factories, 
where  it  is  subjected  to  the  following  tests  and  treatment 

A  slice  is  cut  off  from  the  breech  end  and  divided  into  pieces  for  How  tested* 
testing.  Some  of  these  are  flat  bars,  4  inches  long  and  |  by  f  in 
section,  and  others  are  of  the  shape  usually  tested  in  the  machine  for 
tenacity  and  elasticity,  viz.,  small  cylinders  2"  long  between  breaking 
parts,  and  0*538''  in  diameter,  having  shoulders  at  each  end  by  which 
they  are  fixed  in  the  machine. 

Three  of  the  former  are  marked  respectively  S,  Z,  and  R.    One  end  Bending  test, 
of  the  S  or  soft  (i.e.,  untempered)  piece  is  gripped  in  a  vice,  whilst  the 

*  The  ingots  obtained  from  MeMif.  WhitwortiL  axe  fori^  hj  hjdraolic  pressure. 
(c.O.)  H  2 
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CEAF.  T,     other  end  is  hammered  down  towards  it,  to  ascertain  that  the  steel,  by 
— —  bearing:  this  bending  without  cracking,  is  naturally  of  the  mild  quality 

requir&i.    The  L  and  H  pieces  are  rmsed  to  a  low  red  and  high  heat 
respectively,  immersed  in  oil,  and  when  cold  treated  in  a  simHar  manner. 
The  heat  is  judged  by  an  experienced  workman  from  the  colour  of  the 
Bpecimen.* 
Xwt  of  Whichever  of  these  pieces  shows  the  best  fracture  under  the  bam- 

tenacityand     mering  test  determines  the  heat  at  which  the  whole  tube  is  to  be 
elutidty.  toughened  (see  page  163).  Should  neither  piece  answer,  others  at  inter- 

mediate temperatures  are  tried,  and  if  all  fail,  the  block  is  returned  to 
the  contractors ;  but  some  specimen 'having  succeeded,  as  is  generally 
the  case,  two  of  the  remaining  pieces— one  in  its  soft  state  and  the 
other  toughened  at  the  ascertained  temperature — are  tested  for  tenacity 
and  elastic  limit.  The  soft  material  should  begin  to  stretch  i)er- 
manently  at  13  tons  per  sqnare  inch,  and  break  at  31  tons.  The 
.  toughened  piece  should  begin  to  stretch  at  31  tons,  and  break  aboiit 
AO.  The  pennaneat  elongation  is  also  taken,  but  it  is  not  considered 
necessary  to  lay  down  any  Umita  in  this  respect. 

Ingots,  whicn  pass  all  the  foregoing  tests,  are  accepted  and  ai-e 
toughened  in  oil  at  the  approved  temperature  pi-evious  to  being  put 
into  the  gun.     The  process  of  toughening  is  described  in  Chapter  VIII. 


Tesliiig  Machine. 


I  the  Royal  Gun  Factories  is 


*  It  ma;  *eem  renuAable  that  (lie  colour  at  vhich  a  raior,  a  chisd,  or  a  iiatcL. 
•pnng  must  be  tempered  is  definitelf  fiied,  and  yet  that  tlie  beat  for  touglieiiiDg  a 
gun.borrel  should  vsiy  in  ibade  from  a  blood  red  to  a  bneht  cherrj.  Now,  did  the 
tempemtnro  depend  uone  on  the  amount  of  carbon  in  Uie  ateel,  it  would  appear 
be«t  to  toughen  ereiy  barrel  at  a  bright  heat,  for  the  less  cnrbomred,  or  in  otiicr 
word»  the  milder  the  tt«el,  the  higher  ii  the  tomperstnre  at  which  it  lougbeni  moet 
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Specimens  of  metals  are  tested  by  means  of  it  both  for  eJasticity     CHAP.  V. 

and  tenacity,  while  the  copper  plugs  employed  for  crusher  gauges  (vide         

p.  347)  are  also  tested  as  to  amount  of  compression  in  the  machine. 

The  machine  itself  is  of  American  invention,  and  consists  of  a  com-  Description  of 
binalion  of  two  levers  a  and  6,  which  together  give  a  purchase  of  200  machine. 
to  1 ;  that  is  to  say,  1  lb.  applied  to  the  end  of  tne  upper  lever  at  c  will 
exert  a  strain  of  200  lbs.  on  the  specimen  at  8,  and  as  all  the  bearing 
points  are  hard  knife-edges,  on  hard  smooth  surfaces,  the  friction  is 
reduced  to  a  minimum. 

It    is  further  provided  with  suitable  bridles,  holders,  and  other  TranBrowe 
apparatus  to  test  tensile,  compressive,  transverse,  and  torsional  elasti-  and  torsional 
cities,  and  is  adapted  for  experiments  on  the  pressure  required  to  elasticities. 
punch  or  shear,  and  on  the  hardness  or  softness  of  bodies. 

Prior  to  use  the  machine  is  adjusted  as  to  balance  by  moving  the 
small  weight  (d)  on  the  upper  lever,  or  by  means  of  a  weight  attached 
at  (e).  Weights  of  the  form  shown  (w)  are  placed  upon  a  shelf  on  the 
iron  rod  c  suspended  from  one  end  of  the  upper  lever. 

We  will  suppose  a  specimen  piece  of  form  shown  below  (K)  to  be  in  Testing  for 
its  place,  secured  in  the  socket  (L\  which  is  fastened  at  its  two  ends  to  elasticity  and 
the  bed  of  the  machine  and  the  short  arm  of  the  lower  lever  respec-  '^^acitj. 
tively. 

L      K      L 


The  operator  knoT^rs  approximately  what  weight  wlD  be  suflScient 
to  try  the  specimen  up  to  its  limit  of  elasticity,  and  as  that  limit  is 
approached  he  increases  the  amount  of  weight  by  only  a  little  at  a 
time. 

As  the  weights  are  applied  at  c  the  specimen  bar  begins  to  stretch.  Application  ot 
In  order  to  prevent  the  consequent  inconvenience  of  the  end  of  the  upper  the  weights. 
lever  dropping,  there  is  an  arrangement  shown  at  r  which  allows  us  to 
raise  or  lower  the  fulcrum  of  the  upper  lever  by  means  of  a  screw  and 
train  bi  wheels. 

The  same  an'angement  keeps  a  sliding  wood  stopper,  dose  to  the 
outer  end  of  the  upper  lever,  so  that  when  the  specimen  breaks,  the 
lever  is  caught  at  once,  instead  of  being  probably  damaged  by  the 
effect  of  the  jerk. 

As  the  specimen  stretches,  an  accurate  measuring  gauge  pushed  Temporarj 
between  the  shoulders  of  the  specimen  shows  the  amount  of  extension,  extension. 
The  operator  removes  the  weights,  and  replaces  them  again  as  the  limit 
of  elasticity  is  approached,  and  on  each  occasion  gauges  the  specimen 
carefully  to  see  if  there  is  any  permanent  elongation.    The  determiua-  Elastic  limit 
tion  of  this  point  (the  elastic  limit)  requires  great  accuracy  and  much  or  permanent 
practice  on  the  part  of  the  operator.    Until  this  limit  is  reached,  the  extension 
extensions  of  the  specimen  for  equal  increments  of  weight  are  tolerably  ^S"^- 
uniform  (vide  p.  3,  and  Fig.,  Chapter  I.),  but  as  soon  as  it  is  passed, 
the  extensions  increase  rapidly  for  each  increment  of  weight  until  the 
bar  breaks. 


I 


1 


1 


satisfia>ctori]y :   bnt  it  is  a  fact  that  the  denser  the  steel  is— •.«.,  the  more  it  is  j 

hammered  m  the  process  of  drawing  ont — the  less  heat  does  it  require  for  suooessfnl 

tojighening ;  hence,  each  indiyiduaT  hejiel  must  be  tested.     Doubtless  experience 

wiU  ill  time  teach  us  the  exact  mildness  and  density  suitable  for  a  steel  barrel, 

and  the  proper  temperature  to  which  it  should  be  raised,  before  bemg  ilnmeraed  in 

the  oil. 
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Ghreat  care 
nepessftiy. 


Tenacity. 


Baring  the  process  of  the  test  the  operator  has  to  watch  with  care 
the  behaviour  of  the  specimen,  in  order  to  note  its  general  character, 
for  by  continuing  to  increase  the  weight  upon  the  end  of  the  lever 
gradually  the  characteristics  of  the  spedmen  develop  themselves  noore 
or  less  clearly. 

In  the  case  of  some  metab  the  specimen  will  flow,  or  be  drawn  in  the 
heart  of  the  bar  only,  thus  leaving  a  corrugated  exterior  surface  from 
the  crumpling  of  the  outer  skm ;  with  other  metals  the  flow  is  more 
uniform  and  the  outside  is  comparatively  smooth.  If  on  the  other  hand 
the  metal  be  hard  and  rigid,  it  may  not  be  drawn  out  to  any  great  extent 
but  may  break  with  very  little  reduction  of  sectional  area  and  exhibit  a 
high  tenacity.  If  on  the  contrary  it  is  of  a  soft  and  fluent  nature,  it 
will  be  drawn  out  to  a  considerably  smaller  section,  and  then  will  break 
at  the  point  where  the  diameter  is  most  reduced.* 

The  testing  machine  is  equally  suited  for  any  other  kind  of  metal ; 
and  in  dealing  with  familiar  materials,  such  as  cast  iron,  copper,  bronze, 
or  other  alloys,  in  order  to  arrive  at  their  tensile  properties,  the  same 
course  is  pursued  as  with  wrought  iron  or  steel. 
CompresBion.  For  testing  compressibility  of  metals  a  socket  of  the  form  shown,  in 
Fig.  1  is  anfdoyed* 

TBsxnra  Mbtals  vob  CoHFBESSioir. 
Fig.l. 


B 


Timo  not 
coDsicIcrod 
>vith  this 
xnacbine. 


It  consists  of  two  parts,  one  sliding  within  the  other,  one  of  the  parts 
(B)  being  attached  to  the  lever  and  the  other  part  (c^  to  the  framing  of 
the  machine.  The  specimen  for  this  purpose  is  in  tne  form  of  a  small 
cylinder ;  weights  are  apj^ed  toi;he  end  of  the  upper  lever,  producing 
a  tension  200  times  as  great  on  the  specimen  as  in  the  case  of  testing 
for  tenacity. 

It  will  be  seen  that  with  this  machine  time  is  not  taken  into  con- 
sideration, and  in  consequence  another  testing  machine  has  been  devised 
in  the  Royal  Gun  Factories,  which  it  is  hoped  will  enable  us  to  test  the 
compressibility  of  metals  with  regard  not  only  to  pressure,  but  also  to 
time,  within  certain  limits. 

Manufacture  of  Wrought  Iron, 

The  wrought  iron  used  in  the  Boyal  Gun  Factories  is  either  paddled 
iron  (used  prindpally  for  making  bars)  or  scrap  iron. 

Puddled  iron  is  made  in  the  L^partment  by  burning  out  the  carbon, 
Puddled  iion.    &c,  from  cast  iron  obtained  as  pig  iron,  or  by  bre^dng  up  old  guns, 

carriages,  shot,  shdl,  &c. 

The  operation  of  ^converting  this  cast  iron  into  malleable  or  wrought 
iron  is  called  'Spuddling,"  and  is  earned  out  in  a  puddling  furnace. 
This  is  of  the  description  termed  a  reverberatory  furnace ;  that  is,  a 
furnace  in  which  a  bridge  of  firebrick  placed  between  the  grate  and  the 
hearth  prevents  the  contact  of  tiie  coal  and  the  iron  wMch  would  be 


^lannfacturo 
of  wrought 
iron. 


The  rererbeKi 
toTj  furnace. 


*  In  &ct  tlie  oinnbcfcer  of  the  fpedmen,  and  io  of  the  metal,  miut  be  judged  Tezj 
considerably  by  the  natiire  of  fracture  aa  weU  as  by  the  actual  fracturing  we^t. 
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detrimental  to  the  latter,  while  the  powerful  draught  generated  by  a  tall     CHAP.  V. 

chimney  at  the  other  side  of  the  hearth  induces  the  flames  to  play  upon         

the  metal  with  great  intensity.  The  chimney  is  provided  with  a  damper 
or  Ud,  raised  and  lowered  by  a  chain  attached  to  a  lever  at  the  top,  so 
that  the  draught  may  be  regulated  to  a  nicety,  and  stopped  altogether 
when  the  hearth  is  temporarily  empty. 

Price's  retort  furnace,  in  use  in  E.G.F.,  provides  for  the  heating  of 
the  air,  and  the  heating  and  partial  coking  of  the  coal,  before  entry 
into  the  fire  grate,  by  means  of  the  waste  heat  of  the  furnace. 

The  cast  iron  scrap  having  been  broken  up  under  a  steam  hanuner  puddling, 
into  pieces  of  a  convenient  size,  a  charge  *of  between  5  and  6  cwts.*  is 
placed  in  the  furnace  together  with  about  1  cwt.  of   iron  scale  or 
hammer  scale,  which  is  rich  in  oxygen  f  and  aids  in  burning  out  the 
impurities. 

The  heat  of  the  fnmance  soon  melts  the  iron,  which  is  well  stirred  by 
the  workman  and  the  carbon  is  so  converted  into  gases  which  are 
carried  off  by  the  toiught. 

A  liquid  glass  or  slag  is  also  formed,  which  is  tapped  and  run  oat 
through  a  hole  at  one  side  from  time  to  time4 

As  the  carbon  gets  bmut  out,  the  iron  becomes  pasty,  and  is  collected 
by  the  puddler  into  large  balls,  which  look  in  their  white  hot  state  not 
nnhke  loosely  collected  masses  of  snow.  These  balls  are  rolled  up  an 
incline  on  one  side  of  the  furnace  bed  and  then  removed  from  the  fur- 
nace to  a  steam  hammer,  where  the  liquid  slag  entangled  between  the 
particlefl  of  iron  is  squeezed  out,  and  the  ball  hammered  into  a  rect-  Fuddled 
angular  block  technically  termed  a  "  bloom."  blooma. 

This  iron  is  rather  hard  and  brittle,  and  has  to  be  heated  and  ham- 
mered  or  rolled  if  we  want  to  give  it  fibre. 

Scrap  iron  consists  either  of  old  wrought  iron  articles,  bolts,  nuts,  Scrap  iron, 
screws,  horseshoes,  &c,  which  are  purchased  by  contract,  or  of  the 
shavings  obtained  in  the  Department  from  turning  or  boring  wrought 
iron.    The  first  g^ves  the  beet  fibre,  but  the  latter  is  cleaner. 

To  wd^  up  the  first  mentioned  it  is  drammed  to  get  rid  of  rust,  &c.,  Drumming, 
and  then  piled  on  small  pieces  of  board.    The  pile  or  charge  is  heated 
in  a  furnace  to  a  white  heat,  and  then  hammered  under  a  steam  ham- 
mer into  a  bloom. 

The  Department  scrap  is  thrown  in  loose  instead  of  bdng  piled  as 
above,  and  then  treated  in  a  similar  manner. 


Manafactttre  of  Bam  and  Coils. 

Most  of  the  parts  from  which  our  rifled  gnns  are  built  up  are  made  Manufacturo 
by  eoiling  a  bar  round  a  mandrel  or  core,  and  afterwards  welding  the  of  bars  and 
folds  together  into  a  compact  hollow  cylinder;  but  certain  portions,  *'^^- 
such  as  the  trunnion  ring  and  cascable,  are  made  from  solid  masses  of 
iron  formed  by  welding  together  a  number  of  slabs. 

We  will  take  first  the  manufacture  of  the  bar  and  coil. 

Until  the  commencement  of  1868  the  bars  used  for  coiling  were  Bar  iron  made 
supplied  by  contractors,  but  puddling  furnaces  and  a  rolling  mill  were  '^  R.O.P. 
then  erected  in  the  Royal  Gun  Factories,  and  all  the  bar  iron  required  ^^^^  ^^^^ 
is  manufactured  on  the  spot  from  obsolete  cast  iron  articles  such  as 

*  With  double  puddling  f  umaoee  tbe  charges  are  of  course  much  larger* 
f  Being  the  peroxide  of  iron,  Fe"  O^. 

t  Thie  oonteins  some  iron,  but  eonsists  ^zinoipellj  of  i^e  sand  of  tlie  f  omaee  bod 
or  lining,  mixed  with  impurities  contained  in  the  charge. 
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CHAP.  y.  can'onades,  gan  carriages,  &c.,  in  conjunction  witli  the  scrap  iron 
before  mentioned. 

Flat  bar.  Blooms  of  puddled  iron  are  raised  to  a  white  heat,  passed  through 

the  rolls,  and  made  into  a  flat  bar.  Similarly  blooms  of  contractor's 
scrap  are  heated,  hammered  and  rolled,  and  made  into  a  flat  bar.  The 
flat  bars  made  from  scrap  iron  are  shorter,  and  may  be  distinguished 
from  the  flat  bars  made  from  puddled  iron,  by  their  irregular  edges. 

Piling.  £ach  of  these  flat  bars  is  dow  cut  into  lengths,  and  arranged  in  a 

pile,  with  the  bars  of  scrap  in  the  centre,  and  puddled  iron  bars  on  top 
and  bottom.  The  puddled  iron  is  used  for  the  exterior,  as  giving  a 
cleaner  surface,  while  the  scrap  has  the  stronger  fibre.    The  pile  is 


Eolling.  now  raised  to  a  white  heat,  and  rolled  into  a  long  bar  about  24.  feet 

long,  and  varying  in  section  from  2^  to  9  inches  or  more,  according  to  the 
purpose  for  which  it  is  intended.*  Should  the  bar  be  required  for  the 
breech  piece  of  a  gun,  or  for  the  tube  of  a  64-pr.  gun  and  guns  con- 
verted on  Major  Palliser's  system,  it  is  cut  into  lengths,  again  fagotted, 
raised  to  a  welding  heat,  and  passed  between  the  rollers ;  but  in 
ordinary  cases  one  rolling  is  sufficient. 

Slia)ic  of  bar.  A  bar  is  always  designated  by  the  depth  of  its  section.  The  section 
is  slightly  trapezoidal,  in  order  that  when  the  hot  bar  is  wound  round 
the  mandrel,  narrow  side  inwards,  the  spreading  of  the  inside  and  the 
narrowing  of  the  outside,  natural  to  such  a  process,  may  be  neutralized 
and  no  space  left  between  the  folds  of  the  coils. 

Te»'  iu"  Samples  of  each  week's  work  are  tested  for  tenacity  and  elastic  limit, 

qiulitv'of  bar.  the  Stretching  weight  should  be  about  12  tons,  and  the  breaking  weight 
23  tons. 

The  comparatively  short  bars,  made  as  described,  have  next  to  be 
joined  together,  to  give  us  a  bar  of  the  length  required  for  a  coil. 

Welding.  To  weld  two  bars  together,  the  ends  must  be  ecarfed  down  and  placed 

from  opposite  sides  in  a  furnace,  from  which,  when  they  arrive  at  8 
white  heat,  they  are  withdrawn  and  welded  under  an  adjacent  steam 

Whj  sand  is     hammer,  sand  having  been  thrown  on  the  hot  bars  (as  is  indeed  custom* 

used.  ary  in  the  case  of  all  forgings)  in  order  to  clean  the  surface  and  prevent 

scale  forming,  by  converting  the  superficial  oxide  into  a  liquid  silicate, 
which  will  flow  off  of  its  own  accord,  or  be  squeezed  out  by  the  hammer. 
Another  bar  is  welded  on  m  a  similar  way,  and  so  on,  until  a  sufficient 
length  is  obtained  for  the  required  coil. 

Coiling. 

yiirr.aco.  The  bar  to  be  coiled  having  the  ends  flattened  down,  is  placed  on 

trestle  rollers  in  front  of  a  long  reverberatory  furnace  with  a  chimney 
at  the  far  end,  and  grates  along  its  sides.f  A  chain  being  hooked  into 
an  eye  or  hole  in  the  far  end,  the  bar  is  drawn  by  machinery  into  the 
furnace.    When  the  bar  arrives  at  a  bright  red  heat,  the  end  near  the 

*  The  bars  from  which  the  breech  coil  of  lO-inch  guns  and  upwards  are  made,  are 
manufactured  by  forging,  ride  p.  107. 

t  The  longestrbar  coiled  in  the  Rojal  Gam  Factories  was  270  feet  in  length.  The 
furnace  is  onl^  190  feet  long,  but  should  the  bar  bo  longer,  the  extra  length  is 
allowed  to  project  tliroueh.  the  end  of  the  furnace  outside,  and  is  heated  by  fire 
placed  on  small  iron  trucks. 
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door  ia  drawn  out  by  means  of  the  same  eye,  and  attached  to  a  piii,  this     CHAP,  T. 

c;kI  being  cooled  with  water  to  prevent  it  tearing  away  with  the  weight         

of  tho  bar.    This  pin  is  connected  witb  a  slightly  taper  iron  roller  or 


mandrel,  fixed  across  and  in  front  of  the  door  of  the  furnace.  The 
mandj'el  tapers,  in  order  to  facilitate  the  removal  of  the  finished  coiL 
The  apparatus  is  then  put  into  gear,  and  the  mandrel  revolves,  winding  Winding  bar. 
the  bar  round  it.  Dnnng  the  process,  scales  form  between  the  folds, 
but  their  effect  is  almost  entirely  nullified  by  subsequent  heating  and 
forging,  sand  being  used  to  assist  in  liquifying  the  oxide,  as  stated 
above.  When  the  coil  is  formed,  the  fixed  extremity  is  hammered  off 
the  pin,  and  water  is  poured  on  that  end  to  cool  it,  in  order  that  the 
folds  there  may  not  be  opened  out  in  the  taking  oEf  of  the  coil.  If  the  DetacUnjc  coil 
coil  be  large,  a  short  iron  bar  is  placed  with  one  end  resting  on  the  from  mandrel, 
ground,  and  the  other  end  against  the  extremity  which  has  been  re- 
moved from  the  pin.  The  mandrel  is  then  tnmed  in  the  same  direction 
as  that  in  which  it  revolved  when  the  coil  was  being  formed,  and  the 
coil,  being  prevented  from  revolving  by  the  iron  prop,  is  loosened,  and 
slips  down  towards  the  narrow  end  of  the  mandreL  The  mandrel  is 
afterwards  raised  by  a  crane,  and  the  coil  drops  off.  Small  coils  are 
hammered  off,  no  water  being  used  in  this  case. 

If  a  double  coil  is  required,  a  round  bar  is  fixed  by  bearings  at  each  Doubto  coil 
end  througb  the  newly  made  coil  when  cold,  and  placed  on  the  supports 
hitherto  occupied  by  uie  mandrel ;  the  second  bar  is  then  wound  round 
the  first  coil  in  the  same  way  that  the  first  bar  was  wonnd  round  the 
mandrel,  bnt  in  the  reverse  direction  to  break  joints.  A  triple  coil*  Triple  coil. 
would  be  formed  by  immediately  winding  a  third  bar  around  the  second 
coil  in  the  opposite  direction.  Thus  the  first  coil  would  act  as  a  mandrel 
to  the  second,  and  the  second  to  the  third,  whilst  the  bar  upon  which 
all  three  revolve  could  be  easily  extracted  when  the  triple  coil  is  com- 
pleted. The  inner  coils  projecting  at  the  ends,  a  little  beyond  the  outer 
ones,  in  order  that  a  close  weld  may  be  obtained  at  the  interior  of  the 
cylinder, 

Tlie  object  of  welding  a  oAl  is  to  nnito  the  folds  so  that  it  may  with-  Object  of 
stand  the  longitudinal  stress.    The  operation  is  generally  the  same  for  ireldiog  coils. 
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CHAP.  V.     all  kinds  and  sizes  of  'coils,  single,  double  and  triple.     When  the  coil  is 

" —         intended  for  an  inner  barrel,  as  in  the  case  of  cast  iron  guns  converted 

^^^^^*^.^j^  on  Paliiser's  plan,*  the  process  must  be  very  carefully  performed ;  for 

coilfl  for  inner  ^  ^^^^  *^®  badness  of  the  iron,  or  from  dirt  or  grit  between  the  folds, 

barrel.  or  from  insufficient  heating  or  undue  hammering  the  welding  becomes 

imperfect,  the  barrel  will  of  course  be  unsound,  and  the  powder  gas 
will  eat  its  way  into  the  defective  paits.  Indeed,  the  difficulty  of 
obtaining  a  perfeet  coileci  tube  was  at  one  time  so  great,  that  two  out 
of  every  thpee  barrels  wimii  rejected,  but  excellent  iron  having  since 
been  procured  for  tb»  faggose,  tha  f«p-«HB6agQ  cl  defective  tubes  has 
been  greatly  otdnoed* 
Heating  a  coil.  ^^^^  ^'^  "*  ^fcaced  i^ngift  in  a^  wverberatory  furnace,  for  were  it 
placadt  «a  iIb*  aids,.]!;  a&i»iid  b»1ainiedl  «to,.]&  wdar  to  be  equally  heated 
all  tilroiq^  and  mamQ^ws^  dri]ip]ng»  horn  tie  fire-brick  which  line  the 
fuinace',.  would  probably  Ml  from  the  roof  ia  between  the  folds.  If  in- 
tended for  on  umBT  barrel,  two  furnaces  are  used ;  one  is  at  a  low 
temperature  (termed  a  ^^  blue  light "),  and  when  the  coil  arrives  at  a 
red  heat  it  is  brought  out  and  transferred  to  the  other,  where  it  is 
brought  to  a  welding  heat.  This  is  found  to  be  more  economical  than 
placing  the  cold  coil  at  once  into  a  very  hot  fiunace,  and  also  prevents 
any  injury  to  the  iron  which  would  result  from  so  doing.  In  all  cases 
of  welding,  it  is  necessary  to  "  strike  while  the  iron  is  hot,"  and  that 
the  surface  to  be  joined  should  be  perfectly  clean,  the  white  hot  coil  is 
therefore  transferred  from  the  furnace  to  the  steam  hammer  as  quickly 
as  possible,  and  sand  is  thrown  upon  it  for  the  reason  before  assigned. 
Process  of  The  coil  is  first  placed  vertically  under  the  hammer,  and  receives  a 
welding  a  coiL  few  smart  blows  to  weld  the  folds,  it  is  then  thrown  on  its  side  and 
being  gradually  turned,  is  hammered  (or  patted)  all  round  to  straighten 
it.  It  is  then  raised  vertical  again,  and  a  punch  or  mandrel — ^rather 
over  half  the  length,  and  a  little  larger  than  the  interior  diameter  of  the 
coil — is  hammered  down  its  own  length,  the  coil  ia  next  placed  on  its 
side  and  hammered  round,  that  half  of  its  length  thus  bemg  made  very 
compact,  and  large  enough  to  let  the  mandrel  fail  out.  After  this  the 
coil  IS  again  raised  verticil,  and  the  mandrel  is  forced  in  th^  opposite 
end,  and  the  process  repeated. 
The  mandrels  are  of  coiled  iron  and  very  hard 
The  reason  a  long  mandrel  is  not  forced  through  the  whole  length  of 
the  coil  is  that  it  would  tend  to  s^arate  the  folds. 

The  coil  is  replaced  in  the  furnace  for  the  second  heating,  and  much 
the  same  process  is  followed,  to  render  the  ring  more  consolidated  as 
well  as  more  shapely ;  and  if  intended  for  an  inner  barrel,  a  fine  mandrel 
is  used  to  make  the  ulterior  more  perfect.  If  the  coil  is  to  be  '*  faced,'' 
a  flexible  steel  bar  is  used  under  the  hammer  to  flatten  the  ends  and 
prevent  their  being  bell^nouthed. 
Why  miter  is  Before  the  coil  is  removed  from  the  hammer,  water  is  thrown  over 
used.  it,  which,  forming  into  steam,  blows  off  the  Uiaek  scales  and  shreds 

when  the  work  is  good,  but  a  black  spot  iis  left  by  the  water  if  there  is 
a  bad  part, 
lioss  in  length      ^^^^  ^^^^  ^  welding  from  one-tenth  to  on&dliiFd  of  their  length, 
in  welding       according  as  they  are  thin  or  thick. 

ooile.  After  wel(^g,  the  cylinder  is  inspected  by  the  gangers  as  to  size, 

shape,  and  soundness,  and  unless  found  satisfactory  in  all  respects,  ia 
subjected  to  another  heat. 

All  the  tubes  of  which  a  gun  is  built  are  made  from  coils  manufao 
tured  as  above,  but  as  we  shall  presently  see^  that  more  than  one  com- 
pleted coil  is  often  required  to  form  such  a  tube. 

*  The  process  bj  which  wrought  iron  tubes  for  gn»  nAdeon  the  Palliser  prisoiple 
in  America  differ  in  seyend  detiuls  from  those  described,  as  carried  out  in  B.G.F. 
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Solid  Forgings. 


Building  up 
with  slabs. 


Formation  of 
slabs. 


Manufacture 
of  a  trunnion 
ring. 


Every  solid  forging,  large  or  small,  is  made  in  the  same  way,  namely, 
of  slabs  of  iron  successively  welded  together  upon  the  end  of  a  porter  or 
carrying  bar  (a  stout  bar  of  wrought  u*on)  which  acts  both  as  a  lever  Thepo.terbar, 
and  tongs  in  mauipuiating  tfee  work. 

To  form  a  slab,  departuKntel.  scrap  (obtanisd  nn  the  shape  of  shav- 
mgs  during  the  processes  of  turning,  boring,  Jlfce.)  is  thrown  loose  into 
the  furnace,  and  hammered  while  hot  into  cubical  blooms.  These  are 
again  hammered  into  flat  cakes,  and  several  of  these  cakes  being  piled, 
heated,  and  welded  together,  constitute  a  slab. 

As  an  example  of  a  solid  forging  we  will  take  a  trunnion  ring. 

The  porter  bar  is  heated  and  the  end  flattened  or  scarfed  down  on 
both  sides,  two  slabs  are  placed  on  one  face,  and  the  end  of  the  porter 
bar  with  the  slabs  brought  to  a  white  heat  and  welded  together,  the 
porter  bar  is  turned  over,  slabs  placed  on  the  opposite  face,  and  the 
same  process  repeated ;  one  slab  after  another  is  added  and  welded  in  a 
similar  manner,  until  we  have  a  mass  of  iron  of  sufficient  size. 

This  mass  is  roughly  hammered  into  the  shape  of  a  trunnion  ring,  the  Shaping  and 
porter  bar  being  in  continuation  of  one  of  the  trunnions.  The  roughly- 
shaped  block  so  made,  is  converted  into  a  ring  by  punching  a  small 
hole  (or  in  the  case  of  very  large  guns  two  parallel  holes)  through  the 
centre  with  iron  wedges,  and  then  enlarging  the  same  by  taper  oval 
mandrels  increasing  in  size  until  tb^  hole  is  sufficiently  large. 

The  trunnion  ring  has  to  be  heated  between  each  punching,  and  the 
trunnions  are  then  still  further  shaped.  It  will  be  seen  that  the  fibre 
of  the  iron  will  run  roimd  the  ring  and  along  the  trunnions  exactly  as 
we  require  it  to  do  it  for  strength. 


puncbin, 


3- 


Shaving  scrap  is  used  in  making-  sofid  forgings'  for  trunnion  rings, 
as  it  gives  us  a  good  fibrous  iron  of  uniform  quality. 

When  we  want  a  solid  cylinder  of  iron,  cross  or  binding  slabs  should 
be  welded  along  the  sides  of  those  first  welded  to  the  porter  bar,  as  in 
the  case  of  the  forging  for  a  large  cascable. 

To  form  the  bars  from  which  the  breech  coils  of  heavy  guns  are 
made,  slabs  are  successively  welded  to  the  end  of  a  porter  bar  scarfed 
to  receive  them,  and  the  mass  so  obtained  being  again  heated  and 
scarfed  down,  another  slab  is  added,  and  the  forging  drawn  out  to  the 
shape  and  section  of  the  bar  required,  and  so  the  operation  is  continued 
until  a  sufficient  length  of  bar  has  been  made. 

This  mode  ctf  preparing  the  bars  for  the  breech  coil  of  very  heavy 
guns  is  pursued,  as  by  its  means  we  obtain  a  denser  and  siaronger 
material  for  thai  coil,  where  great  strength  is  raqjiired. 


ShaTing  scrap. 
Binding  slabs. 


Manufocinre 
of  bars  for 
breech  coils, 
h^avy  guns. 


Why  licayy 
bars  are  not 
rolled. 
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Uniting  two  or  more  Coilt  to  form  a  Tube. 


,  When  a  coiled  ioner  barrel  is  required,  several  coils  must  be  welded 
together,  whUe  the  B  tubes  and  breech  pleeea  of  heavy  guns  are 
composed  of  two  united  coils. 

In  both  cases  the  coils  must  be  faced  (turned  smooth  at  the  ends) 
and  reciprocally  recessed ;  that  is,  a  projection  (spigot)  is  fornied  at 
one  end  of  a  coil,  while  a  recess  (faucet)  is  bored  iu  the  corresponding 
end  of  another  coil.  The  height  of  the  shoulder  is  a  little  greater  than 
the  depth  of  the  recess  in  order  that  a  close  joint  may  be  obtiuned  ou 
tlio  ieterior.  The  recess  is  then  expanded  by  heat  and  shrunk  over  the 
projection,  so  that  the  two  coils  are  stuck  sufficiently  together  to  admit 
of  their  being  put  into  the  furnace  for  welding. 

If  the  tube  is  comparatively  thin,  as  when  intended  for  an  inner 
biirrel,  the  tube  is  put  crossways  through  a  furnace  so  constructed  that 
intense  heat  acts  on  the  joint  while  the  remote  endi  project  outside. 
When  the  joint  arrives  at  a  welding  heat  a  stout  iron  bar  is  passed  right 
through  the  tube,  this  bar  is  keyed  up  at  one  end,  and  by  means  of  a 
s::rew-nut  worked  by  a  long  lover  at  the  other  end,  the  two  coils  are 
welded  or  pressed  together.  The  pressure  slightly  bulges  tlie  metal 
at  tiie  junction  so  it  must  be  straightened  under  a  steam  hammer. 
Another  coil  is  then  added  on  in  a  similar  mamier,  and  so  on  till  the 
tube  is  of  the  required  length. 

Should  the  two  coils  be  thick  and  strong,  they  are  when  shrunk 
together,  heated  in  an  ordinary  furnace  and  welded  gently  together 
under  a  steam  hammer 

Shrinking. 


Poiibic  object      Shrinking  is  emjjloyed  no    only  as  an  easy  and  efBcient  mode  of 

of  i.inakii)g.     binding  the  successive  coils  of  a  bu-it  up  gun  firmly  together,  but  also 

for  regulating  as  far  as  possible  the  tension  of  the  several  layers, 
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so  that  each  and  all  may  contribute  fairly  to  the  strength  of  the  gon,     citap.  Y 
vide  p.  24,  as  to  the  theory  of  this  construction.  ! 

The  operation  of  shrin^g  is  very  simple ;  the  outer  coil  is  expanded  The  opration 
by  heat  until  it  is  sufficiently  large  to  fit  easily  over  the  inner  coil  or  of  «hnnking. 
tube  (if  a  large  mass,  such  as  the  jacket  of  a  Fraser  gun,  by  means  of 
a  wood  fire  for  which  the  tube  itself  forms  a  flue ;  if  a  small  mass,  such 
as  a  coil,  in  a  reverberatory  furnace  at  a  low  temperature  or  by  means 
of  gas).  It  is  then  raised  up  by  a  travelling  crane  overhead  and 
dropped  over  the  paii^  on  to  which  it  is  to  be  shrunk,  which  is  placed 
vertically  in  a  pit  ready  to  receive  it. 

The  heat  required  in  shrinking  is  not  very  great.    Wrought  iron  Expansion  of 
on  being  heated  from  62°  F.,  (the   ordinary  temperature)  to  212°,  iron  by  heat, 
expands  linearly  about  -n/o^**^*  P*^  ^^  ^^  length  (the  same  amount  of 
extension  in  fact  as  that  due  to  its  elastic  limit  or  a  stress  of  12  tons 
per  square  inch  of  section) ;  that  is  to  say,  if  a  ring  of  iron  1,000  inches 
in  circumference  were  put  into  a  vat  of  boiling  water  it  would  increase  High  tem- 
to  1,001  inches ;  and  according  to  Dulong  and  Petit,  the  coefficient  of  perature  not 
expansion,  which  is  constant  up  to  212°,  increases  more  and  more  from  iiecessaiy. 
that  point  upwards,  so  that  if  the  iron  ring  were  raised  150"  higher  still 
(ue.j  to  362°)  its  circumference  would  be  more  than  1,002  inches.     Now 
it  has  already  been  shownf  that  no  coil  is  ever  shrunk  on  with  so  great 
a  shrinkage  as  the  i  o'o  o^^  P^^  ^^  ^^  circumference  or  diameter,  for  g-^^  amount 
it  would  be  strained  beyond  its  elastic  limit ;  allowing  therefore  a  good  of  shrinkage  is 
working  mardn  it  is  only  necessa^  to  raise  a  coil  to  about  500"*  limited. 
Fahr.,:^  tbon^  in  point  of  fact  coils  are  often  raised  to  a  higher 
degree  of  temperature  than  this  in  some  parts,  on    account  of    the 
mode  of  heating  employed.    Were  a  coil  plun^d  in  molten  lead  or 
boiling  oil  (600°  F.)  it  would  be  uniformly  and  sufficiently  expanded 
for  all  the  practical  purposes  of  shrinking,  but  as  shrinkings  do  not  take 
place  in  large  numbers  or  at  regular  times,  the  improvised  fire  or 
ordinary  furnace  is  the  more  economical  mode  and  answers  the  purpose 
very  well. 

Heating  a  coil  beyond  the  required  amount  is  of  no  consequence  pro- 
vided it  is  not  raised  to  such  a  degree  of  temperature  that  scales  would 
form ;  and  in  all  cases  the  interior  must  be  swept  dean  of  ashes,  &c. 
when  it  is  withdrawn  from  the  fire. 

With  respect  to  the  mode  of  cooling  during  the  process  of  shrinking,  Mode  of 
care  must  be  taken  to  prevent  a  long  coil  or  tube  cooling  simultaneously  cooling, 
at  both  ends,  for  this  would  cause  the  middle  portion  to  be  drawn  out 
to  an  undue  state  of  longitudinal  tension.    In  some  cases  therefore  Oases  where 
water  is  projected  on  one  end  of  a  coU  so  as  to  cool  it  first.    In  the  ^  °iV\f^^'^ 
case  of  a  long  tube  of  different  thickness  like  the  B  tube  of  a  R.M.L.  ^^^^  ^® 
gun,  water  is  not  only  used  at  the  thick  end,  but  a  ring  of  gas  or  a 
heated  iron  cylinder  is  applied  at  the  thin  or  muuzle  end,  and  when 
the  thick  end  cools  the  gas  or  cylinder  is  withdrawn  from  the  muzzle 
and  the  ring  of  water  raised  upwards  slowly  to  cool  the  remainder  of 
the  tube  gradually* 

As  a  rule  the  water  is  supplied  wherever  there  is  a  shoulder,  so  that  Lmer  tube 
; kept  oool  by  a 

*  According  to  Lavoisier  and  Laplace  the  linear  expansion  of  wrought  iron  on 
being  heated  from  32°  F.  to  212°  is  0012350  {see  PhilRps'  Manual  of  MetaUurg^, 
2nd  edition,  p.  14),  and  according  to  Boy  and  Bamsden  it  is  '0012204  (see  Grot's 
Physics,  transkted  by  Atkinson,  p.  205).  Taking  it  therefore  aa  '001  for  150°, 
cannot  be  far  wrong. 

t  See  Chapter  XL,  p.  20. 

t  The  temperature  may  be  judged  by  colour ;  at  500^  F.  iron  has  a  blackish 
appearance,  at  575**  it  is  blue,  at  775**  red  in  the  dark,  at  1500*  cheny  red,  and 
80  on,  getting  lighter  in  colour,  until  it  beoomes  white  or  fit  for  welding  at  about 
8000^, 
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flow  of  water 
always  inside. 


that  portion  may  be  cooled  first  and  a  dose  joint  secored  tbei^ ;  and 
water  is  invariably  allowed  to  circulate  through  the  interior  of  the  mass 
to  prevent  its  expanding  and  obstructing  or  delaying  the  operation ;  for 
example^  when  a  B  tube  is  to  be  shrunk  on  a  steel  bairel,  the  latter  is 
placed  upright  on  its  breech  end,  and  when  the  B  tube  is  dropped  down 
on  it  a  continual  flow  of  cold  water  is  kept  up  in  the  barrel  by  means  of 
a  ])ipe  and  siphon  at  the  muzzle.  The  same  efPect  is  produced  by  a 
water  jet  underneath,  when  it  is  necessary  to  place  the  steel  tube  muzzle 
downwards  for  the  reception  of  a  breech  coil. 


Jacket. 


Componcut 
parts. 


How  put 
together  for 
welding. 


Welding. 


Manufacture  of  a  Jaclcet. 

The  jacket  or  outer  breech  portion  of  all  guns  is  made  by  welding 
together  certain  coils  or  tubes  and  a  trunnion  ring  forged  as  described 
before. 

It  is  nsually  composed  of  three  parts,  a  breech  coil,  trunnion  ring, 
and  muzzle  coU,  although  in  many  cases  with  heavy  guns  the  latter  is 
so  short  as  to  be  a  mere  ring,  and  is  sometimes  dispensed  "with 
altogether,  as  in  the  8-inch  howitzer  jacket,  or  7-iiich  Mark  IV,  in 
which  cases  the  shoulder  on  breech  coil  is  made  sufiiciently  long  to 
extend  to  the  face  of  trunnion  ring. 

The  muzzle  end  of  the  breech  coil  is  turned  down  to  receive  the 
trunnion  ring,  which  is  heated  to  redness  and  dropped  over  this  shoulder. 

While  the  trunnion  ring  is  still  hot,  the  muzzle  coil  is  dropped  down 
npon  the  front  of  the  breech  coil,  through  the  upper  portion  of  the 
trunnion  ring.  The  trunnion  ring  thus  forms  a  band  over  the  joint, 
and  in  cooling  contracts  round  the  two  coils,  and  grips  them  sufiBciently 
tight  to  allow  of  the  whole  mass  being  placed  bodily  in  a  furnace, 
where  it  is  raised  to  a  welding  heat. 

The  heated  mass  is  then  placed  on  its  breech  end  under  a  powerful 
hammer.  Six  or  seven  blows  on  the  top  suffice  to  amalgamate  the  three 
parts  together ;  but  to  make  the  welding  more  perfect  on  the  interior, 
as  well  as  to  obviate  any  bulging  inside,  a  cast  iron  mandrel  somewhat 
larger  than  the  bore  is  forced  down  to  within  20  inches  of  the  breech 
end,  a  series  of  short  iron  plugs  being  used  to  drive  it  down.  The 
whole  is  then  reversed,  and  the  mandrel  is  driven  out  with  the  same 
plugs,  which  have  fallen  out  in  the  tilting  over. 

Bbeboh  Coil,  Trjiksios  Bnra  ahd  Muzzle  Coil,  ready  for  Welding. 


MAKUFAOTUBINa  OPEEA.TIQKS. 


Ill 


CHAP.  V. 


The  C  coil,  (or  jacket*)  thus  formed  is  turned,  as  to  exterior,  in 
powerful  lathe,  the  Jbelt  removed  in  a  slotting  machine,  and  the  jacket 
finally  bored  to  the  proper  interior  dimensions. 

MjLCHOTE  OpBBATIONS. 

After  the  tubes,  rings,  and  other  portions  of  the  g^  have  been  made  Machine 
they  have  to  be  bored,  turned,  in  some  cases  slotted,  planed  and  shrunk  opsrations. 
together,  while  the  inner  ban-el  must  be  bored,  broached,  lapped,  and 
finally  rifled.     These  operations  are  shortly  discussed  below,  as  well 
.  as  the  processes  of  drilling,  screw-cutting,  and  gauging. 

Centring. 

Previous  to  the  first  turning  of  any  article,  the  axis  must  be  found  Centring. 
so  as  to  centre  it  truly  in  the  lathe.  This  is  simply  done  in  a  solid 
cylinder  by  finding  centres  at  each  end  with  a  pair  of  compasses  ;  but 
in  the  case  of  a  tube,  bars  of  soft  iron  must  be  fixed  across  each  end 
in  order  that  the  axis  may  be  actually  ascertained ;  the  article  being 
fixed  accordingly  in  the  lathe  is  turned  truly  cylindrical. 

Large  coils  and  jackets  are  centred  as  follows : — an  iron  spindle  is 
passed  through  the  interior  and  supported  at  either  end,  any  flaws  or 
defects  on  the  interior  are  searched,  and  the  spindle  adjusted  by  means 
of  a  bar  gauge  so  that  the  interior  may  be  smooth  and  "  clean  "  when 
bored  to  the  proper  diameter,  the  axis  of  the  spindle  being  the  axis  of 
the  bore ;  the  ends  of  the  mass  are  then  whitened  with  chalk  and  a 
circle  marked  (with  the  spindle  as  centre)  on  'each  end  by  a  scriber 
showing  the  amount  to  be  bored  out.  The  block  upon  which  the 
cylinder  is  supported  when  in  the  turning  lathe  is  adjusted  to  these 
circles,  so  that  the  exterior  may  be  turned  concentric  to  the  interior.  • 

*  The  jacket  is  sometimeB  temied  the  bieech  coil  from  its  principal  part  when  it 
comes  immediatelj  over  the  steel  tube,  as  in  the  7-inch  gun,  but  it  is  oaUed  the  Cooil 
when  it  has  between  itself  and  the  barrel  a  breech-pieoe  of  coiled  iron,  as  in  9-inch 
guns  and  upwards. 
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Turning. 


Taming  means  cutting  off  the  exterior  surface  all  round.  The 
machiae  generally  used  is  a  turning  lathe  on  the  ordinary  principle, 
the  work  revolving  as  the  cutter,  fixed  to  a  sliding  saddle,  moves  along 
the  side.  In  most  machines  two  cutters  work  simultaneously,  and 
rough  or  fine  turning  can  be  done  as  rei^iired.  Turnings  generally 
assume  the  shape  of  long  ringlets  and  are  again  worked  up  into  blooms. 

The  size  and  power  of  the  machines  vary  with  the  nature  of  the 
work.  Those  for  turning  the  large  breech  coils  of  our  heavy  guns 
weigh  each  with  foundations  about  100  tons,  and  can  turn  off  7  inches 
in  diameter  in  one  cut.  13y  arrangements  whereby  the  motion  can  be 
sent  into  the  machine  through  additional  tooth-wheels  of  different 
diameters  the  speed  can  be  greatly  reduced  and  the  power  consequently 
increased. 

Soring. 

Roroa  JIqeisq  IIbid. 


Boring.  The  teiTQ  boring  is  applied  either  to  the  process  of  reaming  out  the 

inside  of  a  tube,  or  boring  one  out  from  a  solid  cylinder. 

Rough  uad  Rough  and  fine    boring  of    an  inner  barrel,  as   well    as  broaching 

flneboring  of    and   forming  the   chamber,   are  nil  effected   in  the  same   horizontal 

an  innsr  machines,  the  difference  being  in   the  shape  of  the  boring-head  and 

barreL  cutters.     In  this  machine  the  barrel  revolves,  while  the  boring-head, 

guided  by  a  supporting  frame  at  the  muzzle,  simply  progiess^es  down 

flie  bore,  being  fed  to  its  work  by  a  long  screw  whjch  msses  through  a 

nut  iu  the  sliding  saddle  to  which  the  bar  is  fixed.    The  same  effect 

would  be  produced  did  the  tube  move  forward  and  the  cutters  revolve, 

but  the  shavings  would  obstruct  the  action  by  congregating  at  the 

bottom.    The  boring-head  used  for  rough  cutting  is  what  is  called 

from  its  shape,   "  a  balf-round  bit,"  it  has  one  pointed  cutter  set 

angularly  and  three  steel  "  burnishers,"  or  pi-ojections,  to  keep  it  steady 

in  the  bore.*    This  tool  cuts  away  the  metal  in  front  of  it  and  the  same 

Koi«h  boring  kind  of  head  is  used  for  cutting  fi-om  the  solid.    In  boring  out  a  steel 

head.  barrel  for  a  9-inch  gun,  8|  inches  in  diameter  are  taken  out  at  each 

cut  in  segmental  chips  about  J-inch  thick,  Mid  the  operation  takes  5(> 

working  noui-e,' or  about  a  week. 

fine  boring.  Fine  ooring  is  performed  with  a  round  head  having  long  cutters  let 

in  lengthways,  and  five  lignum  vit»  wood  burnishers.    The  object  of 

•  having  the  latter  of  wood,  is  that  they  may  be  set  out  further  than  the 

cutteis,  and  so  be  cut  to  the  same  duuneter  as  the  tube  on  entering  it, 
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as  well  as  being  expanded  up  to  the  full  mze  of  the  bore  by  the  water,*     CHAP.  V. 
which  ia  invariably  projected  down  the  bore;   moreover  were  the         ~^ 
buruishere  of  steel  they  ought  mdent  the  bore. 

FiHE  BoBiva  Hus. 


Short  and  light  tubes,  such  as  S  tubes  of  R.MX.  guns,  are  bored  in  Msdwia  toe 
a  horizontal  machine,  but  on  the  opposite  principle  to  that  for  inner  '^'^  "j^ 
barrels.    The  tube  is  fixed  in  a  saddle  capable  of  sUding  along  the  "S'''  *""'■ 
frame  of  the  machine,  and  the  boring  bar,  through  which  &!«  placed 
two  adjoining  and  opposite  cutters,  is  then  passed  through  it  ana  fixed 
at  each  end  of  the  machine.    The  bar  revolves  while  the  saddle  moves 
forward,  audthus  the  boring  is  effected.     This  mode  requires  the  bar 
to  measure  between  the  supports  twice  the  length  of  the  work  to  be 
bored,  and  the  cutter  to  bo  in  the  middle  of  the  bar ;   it  is  therefore 
unfit  for  long  objects. 

Largo  masses,  such  as  the  breech  coil  for  a  heavy  gun,  are  bored  in  Large  motsrs. 
machines,  somewhat  similar  to  the  preceding,  but  the  work  is  stationary 
and  the  tool  goes  through  a  double  motion  of  rotation  and  progression, 
the  latter  being  given  by  means  of  a  sci-ew  which  passes  lengthways 
through  the  side  of  the  revolving  bar,  and  is  connected  with  the 
boring-head  which  in  the  shape  of  a  ring  slides  along  the  bar ;  the 
screw  is  turned  by  a  sun  and  planet  wheel  at  the  extremity  of  the 

The  difference  between  the  rough  and  fine  cutlers  ia  generally  that 
the  former  are  deep  and  narrow,  and  the  latter  shallow  and  broad. 

Trunnion  rings  are  both  rough  and  fine  bored  in  vertical  machines,  Tnnnton 
the  wort  being  stationary  whilst  the  boring  bar  revolves  and  moves  ring«. 
downwards. 

Large  masses  are  centred  by  the  exterior  which  has  been  previously  Centring. 
turned. 

Coiled  wrought  iron  tubes  for  the  barrels  of  64-pr8.  and  converted 
guns  are  bored  before  being  turned,  for  if  on  examination  of  the  bore 
a  defect  is  detected  which  would  condenm  it,  the  labour  and  expense  of 
turning  is  saved. 

Previous  to  the  first  boring  of  any  tube  the  axis  muHt  he  found  aa  CeniriDgofa 
before  described,  and  a  beanng  turned  off  at  each  end,  by  means  of  tulw. 
which  it  may  be  truly  centred  in  the  boring  machine. 


*  More  correctlj  ■oap  and  water.  Ttaa  miiburo  acta  like  oil  in  cliniiiii«hiiig  th« 
friction  on  the  tool,  (md  it  i>  mnoli  cleaner  and  cheaper ;  moreoTer  the  water  keepa 
the  tool  cold  and  hard,  and  the  toap  prerenti  the  tonnation  of  nut.  It  i*  ilmyi 
■ued  in  turning,  boring,  slotting,  &«.  iron,  ateel,  and  brooM. 


MAKUFAOnmDfQ  OPffilATIONa. 
Sroachiag. 


A  broach  is  the  Dame  of  the  tool  uBed  in  mechanical  arts  for  makiiig 
a  taper  hole  or  for  perfecting  a  cylindrical  one. 

During  the  procesB  of  boring,  the  cutters  irear  from  friction  so  that 
the  tube  is  always  shgfatly  taper  inside.  This  is  of  no  consequence  in 
an  outer  tnbe  as  the  interior  one  can  be  turned  to  suit  it,  but  an  inner 
barrel  must  of  conrae  be  truly  cjl'mdrical,  hence  broaching  is  employed 
to  remove  the  taper. 

The  broaching-head  is  fitted  with  fonr  long  cutters  fixed  length- 
ways at  right  angles  to  each  other  and  slightly  tapering. 

The  cutters  are  carried  round  the  front  of  the  head  and  are  shaped  so 
~  as  to  finish  the  chamber  of  M.L.  gnns  to  the  required  form. 

Ltqipinff. 

Lapping  or  the  process  of  making  any  hard  surface  smooth  and 
accurate  by  the  application  of  polishing  powders  is  used  in  the  Royal 
Gun  Factories  for  finishing  off  the  bore  of  an  inner  barrel,  fer  notwith- 
standing fine  boring  and  broaching  some  little  roughness  and  irregu- 
larity will  exist.  The  process  of  rifling  also  often  causes  some  of  the 
metal  on  the  edge  of  the  grooves  to  be  burred,  lapping  is  ther^oie 
perfonned  both  before  and  aft^  rifling. 

The  operation  consists  of  working  (by  means  of  levers  attached  to  a 
revolving  bar)  a  wooden  head  covered  with  leatl  andsmeared  over  with 
emery  powder  and  oil,  backwards  and  forwards  in  the  bore  wherever 
the  very  accurate  gauges  indicate  the  necessity. 

"  Laps  made  of  nearly  every  metal  and  alloy  in  common  use  have 
been  more  or  less  employed  as  vehicles  for  the  application  of  several  of 
the  polishing  powders,  but  of  all  laps  those  of  lead  shgbtly  hardened 
and  BU{'pUed  with  powdered  emery  stone  render  the  meet  conspicuous 


Siffirtff. 

This  operation  is  performed  by  means  of  a  rifling  machine,  which, 
though  simple  in  its  action,  is  not  very  easy  to  describe  without  using 
technics  terma.  This  machine  is  horizontal,  aod  the  gun  to  be  rifled 
is  fixed  iu  front  of  It,  and  in  line  with  the  rifling  bar  to  which  a  stout 
bead  carrying  the  cutter  is  fixed. 


*  HoUxapffel'i  liminf!;  and  UM-hanical  MuiiptilatKin 
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Only  a  single  groove  is  cat  at  a  time,  and  that  as  the  cotter  is  coming     CHAP.  V. 
down  the  bore  bringing  the  chips  Of  metal  before  it.  

All  the  grooves  in  the  gun  are  first  cat  ont  roughly  in  succession,  and 
then  finely.    The  distance  between  the  groovee  is  regulated  by  a  disc  Grooves  cut 
fixed  to  the  breech  of  the  gun,  having  its  periphery  equally  divided  ^^  roue'''? 
by  as  many  notches  as  thera  are  to  be  grooves.    The  gun  is  fixed  eac'h     "^■ 
time  by  a  pawl,  and  when  a  new  groove  haa  to  be  cat,  is  turned  round 
to  the  next  notch.  *'d  hl^' 

The  gun  remtuns  stationary  while  the  head  carrying  the  cutter  works  *" 
up  and  down  the  bore,  so  it  is  necessary  to  make  the  bar  to  wliich  the 
head  is  attached  turn  round  more  or  less  at  the  same  time  that  it  ^'?!^° 
advances  and  returns,  otberwiee  we  should  merely  have  a  straight     " 
groove  cut  along  the  bore,  instead  of  the  spiral  we  require  to  give  rota- 
tion to  the  projectile.  Gun  metal 

The  gun  metal  head  in  which  the  cutter  is  fixed  fits  the  bore  accu-  iieed. 
rately  by  means  of  burnishers.    It  is  fastened  to  a  stout,  hollow,  iron  gyjiing 
bar  termed  the  rifling  bar.     This  bar  is  fixed  to  a  saddle  capable  of  saddle, 
sliding  backwards  and  forwards  on  an  endless  acrew.     (For  reversing 
motion  of  machine,  see  p.  98).  Motion  of 

Although  the  rifling  bar  is  fixed  to  the  saddle  and  moves  with  it,  it  rotation. 
can  revolve  independently  of  it,  and  towards  the  end  farthest  from  the 
gun  is  Gsed  a  pinion  which  gears  into  a  rack  sliding  in  the  saddle  at 
right  angles  to  the  bar  itself ;  the  outer  end  of  this  rack  is  fitted  with  Friction 
two  small  rollers  or  friction  wheels  which  run  along  a  copying  bar  rollen. 
fixed  to  one  side  of  the  rifling  machine ;  this  coining  bar  is  inclined  at  Copying  bar. 
a  certain  angle  to  the  side  of  the  machine,  and  the  greater  this  angle,  ^gie  at 
the  more  the  rack  ia  pulled  ont  by  the  friction  rollers,  and  the  greater  nb^h  aot. 
the  twist  given  to  the  rifling  bar,  and  so  to  the  grooves  in  the  gun.  iteration  of 
The  angle  can  be  altered  if  required,  and  we  can  also  take  away  the  angle. 
straight  copying  bar  and  use  a  curved  one,  aa  is  done  when  a  gun 
is  to  be  rifled  with  increasing  twist.      By  thus  changing  the  copying 
bars,  or  their  position,  we  can  use  a  single  machine  for  any  description 
of  rifling. 

Bt>iJx«  Hbas. 


The  cutting  tool  itself  is  of  steel  and  works  in  and  ont  of  the  head    Cnttina  tool 
being  drawn  in  or  forced  out  by  means  of  a  cam  attached  to  one  end  ot 
an  iron  rod,  passing  through  the  hollow  rifling  bar. 

The  movement  of  the  elide  to  which  the  outer  end  of  the  rod  is  T>ediiifttiD 
attached  (and  (»nsequently  of  the  cutting  tool)  is  regulated  by  another  mo^nof^ 
copying;  arrangement  on  the  other  side  of  the  machine.     This  arrange-  cutting  tool, 
ment  consists  of  two  horizontal  bars,  one  higher  than  the  other,  along 
which  travels  a  weighted  lever  attached  to  a  pinion  which  works  the 
slide.    When  the  rifling  head  is  passing  down  the  bore  this  weighted 
lever  travels  along  the  upper  bar,  but  when  the  machine  is  reversed 
the  lever  is  prevented  by  a  small  moveable  piece  from  returning  on 
the  same  bar,  so  that  the  weight  falls  over  on  the  lower  one,  and  in 
doing  80  draws  back  the  slide  and  spindle  and  forces  the  tool  out.  Ya—iue 
By  varying  th«  form  of  the  upper  surface  of  this  lower  bar  the  depth  depth  of  part, 
(c.O.)  I  2  ofgrooTe. 
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Pecpeiiing 
gpoore. 


CiilculatioB 
for  copying 


of  the  various  parts  of  the  groove  can  be  regulated  aud  altered  as 
required. 

To  deepen  the  groove  the  outer  end  of  the  rod  has  attached  to  it  a 
small  wheel,  the  turning  of  which  forces  the  bar  forward  and  raises  the 
cutting  tool  a  certain  distance.  Therefore  on  the  cutter  being  forced 
out  as  before,  its  height  will  be  raised. 

In  the  case  of  a  uniform  spiral,  the  copying  bar  is  straight  edged, 
and  the  angle  is  easily  calculated  thus : — 


xiflmg 


(I.)  Unifonn  Take  AB  equal  length  of  rifling  due  to  one  turn,  t,e.,  the  distance 
travelled  by  the  projectile  while  it  makes  one  complete  turn  upon  its 
axis,  and  BC  at  right  angles  to  it  equal  length  of  one  turn,  or  the  cir- 
cumference of  the  bore,  then  AC  will  be  the  total  length  of  spiral,  and 
0  the  angle  of  the  rifling  and  of  the  tangent  bar.  Let  «= number  of 
calibres  in  which  the  shot  makes  one  turn. 


f2.)  Increas- 
ing rifling. 


TT  X  calibre 


w 


TT 


__BC _  ^ 

W  ""AB^number  of  calibres  x  calibre  ""number  of  calibrcs^n 

For  example,  take  the  7-inch  gun,  whose  spiral  is  one  turn  in  35 
calibres,  then 

tan^=~=-C897; 
.-.^=5°  4' nearly 

For  shunt  rifling,  as  in  the  64-prs.,  there  must  be  a  corresponding 
shunt  on  the  copying  bar. 

For  an  increasing  twist  the  edges  of  the  bar  must  be  curved  accord- 
ingly ;  and  as  it  is  the  property  of  the  parabola  to  increase  uniformly, 
we  have  adopted  it  as  the  curve  of  the  rifling,  for  those  guns  having 
an  increasing  twist,  its  well  known  properties  enabling  us  to  construct 
without  diflisultj'  a  copying  bar  for  any  required  spiral. 

Thus,  suppose  we  want  to  make  a  copying  bar  for  the  9-inch  gun, 
which  has  an  increasing  twist  from  0  at  the  breech  to  1  in  45  at  the 
muzzle,  and  in  which  n=45  and  I  the  length  of  rifling=  107*5  inches. 

In  the  figure  below  let  0  represent  the  origin  of  co-ordinate  axis,  or 
that  part  of  the  bar  corresponding  to  the  bottom  of  the  bore. 

The  distances  measured  along  OM  will  corresiX)nd  to  abscissee  .r,  and 
those  at  right  angles  to  the  same  to  the  ordinates  y. 


-^c 


Let  OM  be  the  length  of  rifling,  or  more  properlj'^  "  length  of  rifled 
portion  of  the  bore,"  and  OC  the  curve  required,  or  the  absolute  groove 
laid  out,  then  MC  or  x  at  the  muzzle  is  found  as  follows :— 


HAKOTAOTUBma  OFSRkTlOJXS. 
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*  *^2ni*^^  *^*  muzzle  y=Z  — 

/.  MC=g-=  — 2x45 mche6=3*75  inches. 

In  order  to  find  the  height  pq=ix  for  any  point  on  the  curve,  we  Pwi»»<io» 
proceed  in  a  similar  manner.    Suppose  0/?=y=oO  inches,  then  to  find  ^copji^g 

the  height  pq=x  of  the  curve  at  the  point  p  we  have  pq=x=  OnZ^ 

3-141  fixrr)0)»    ^  .  ^ 

2x45x107-5='^^  mch. 


By  this  means  the  height  of  the  curve  can  be  calculated  for  any 
nmnber  of  points,  and  by  means  of  the  various  measurements  the  curve 
is  traced  on  a  steel  bar,  cast  for  the  purpose,  placed  with  one  end  rest- 
ing on  a  plane  table,  and  the  other  end  supported  at  a  height  from  the 
table  equal  to  MC,  after  which  the  bar  is  planed  or  slotted  to  the  proper 
size  and  shape. 

If  the  pinion  moved  by  the  sliding  rack  and  the  bore  of  the  gun  arc 
of  the  same  diameter,  the  curves  of  the  grooves  and  of  the  copying  bar 
are  the  same  ;  but  if,  as  is  generally  the  case  (for,  excepting  the  copying 
part,  the  same  machine  answers  for  all  calibres  and  systems),  the 
pinion  and  bore  are  of  different  sizes,  the  curvature  of  the  bar  will 
differ  proportionately  from  that  of  the  grooves.  Thus,  if  the  pinion  is 
half  the  size  of  the  bcre,  the  bar  must  have  half  the  curvature  of  the 
gi-ooves. 

The  grooves  commence  at  a  point  about  an  inch  below  where  the  Wliero  tl»c 
bottom  studs  on  the  projectile  would  reach  with  the  lowest  chari^ro  E^'oo^*^^  com- 

^     ^  °      mence,  and 

■"     "*■"       '  how  decided. 

*  This  is  readily  proTod  as  follows  :  let  us  assume  that  OC  is  the  required  panibolic 
curve,  and  let  OM  drawn  through  the  origin  of  the  parabola  perpendicular  to  its 
axis,  represent  the  length  of  the  bore  to  be  rifled,  =  /  suppose.  The  tangent  at  C 
makes  an  angle  with  OM  or  AB  equal  to  the  angle  of  rifling  at  the  muzzle,  and  cuts 
off  (bj  the  property  of  the  parabola)  OA  on  the  axis  equal  to  the  abscissa  OK. 

BC. 


But  from  equation  (a) 
p.  116. 


CM=MB-  -g- 


BC 
OM 

B0  = 


n 
irOM 


n 
BC  =  - 

and  CM=-Tr--»— . 
2      2» 


Further,  as  by  the  property  of  a  parabola-jis  a  constant 

X  .    ^     CM       fl- 

.•.-j(forany  pomt) -gjj5-2;j 


anddr— 


2nl 


By  assuming  different  yalues  for  y,  that  is,  different  points  at  which  we  wish  to 
calculate  the  curve  of  the  bar,  and  sabBtitating  the  proper  values  of  it,  n  and  I,  wo 
can  find  the  x  for  that  point. 
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employed,  and  are  so  placed  that  the  two  next  the  vent  shall  be  equi- 
distant from  it. 

The  dimensions  of  the  grooves  and  lands,  and  the  twist  of  rifling  for 
each  nature  of  gun  will  be  found  in  the  tables  (pages  160  and  291), 
whilst  a  full-sized  drawing  of  section  of  the  grooves  is  given  under  the 
description  of  the  guns  in  the  service  in  Chapter  IX. 


The  radial 

drilling 

machine. 


Drilling. 

The  cutting  portion  of  the  tool  termed  a  drill  is  flat -and  shaped  like 
a  broad  V. 

Small  holes  such  as  those  for  friction  tube  pins,  &c.,  are  drilled  by 
hand,  the  tool  being  turned  by  means  of  a  brace  or  ratchet  lever ;  but 
larger  holes  such  as  those  for  sights  and  vents  are  made  with  a  drilling 
machine,  the  shape  of  the  cutter  is  however  the  same. 

The  self-acting  radial  drilling  machine  is  an  ingenious  piece  of 
mechanism.  The  radial  arm  or  '^  jib  *'  carrying  the  dnll  spindle  turns 
upon  a  bracket  which  can  be  raised  or  lowered  as  required.  The  motion 
to  turn  the  drill  spindle  is  derived  from  a  cone-pulley  behind  the  sliding 
bracket  through  mitre  gear.  The  horizontal  adjustment  of  the  drill 
slide  is  done  by  means  of  a  screw  turned  by  a  handle  at  the  end  of  the 
arm.  The  vertical  feed  of  the  spindle  is  given  by  separate  mitre  gear 
in  connexion  with  the  horizontal  shaft,  as  well  as  by  a  rack  and  pinion 
which  can  be  worked  by  hand  independently. 

In  drilling  the  holes  for  the  vent  bush  and  sights  of  guns,  this  machine 
is  veiy  convenient  as  the  gun  can  be  placed  anywhere  within  the  area 
covered  by  the  radial  arm,  and  the  drill  accurately  adjusted  in  the  proper 
position  without  moving  the  gun. 


Screw  Cutting. 


Taps  for 
screw-cutting, 


A  small  internal  screw  thread,  like  that  for  vent  bushes,  is  generally 
made  by  hand  with  taps. 

A  tap  is  a  steel  tool  converted  from  a  screw  by  the  removal  of  part 
of  its  circumference  in  order  to  give  the  exposed  edges  a  cutting  action, 
and  allow  room  for  the  chips  to  escape,  while  the  circular  parts  which 
remain  guide  the  instrument  within  the  helical  groove  or  hoUow  thread 
it  is  required  to  form.  In  the  Royal  Gun  Factories,  three  or  four  taps 
gradually  increasing  in  size,  are  generally  employed  to  make  a  screw 
thread,  but  mechanics  often  use  only  one  taper  tap. 

A  small  external  screw  is  cut  by  means  of  a  screw  die. 
Themachineff.  Large  external  and  internal  screw  threads,  such  as  the  male  and 
female  cascable  thread,  are  executed  in  screw-cutting  lathes,  in  which 
the  work  revolves  and  the  tool  moves  forward.  The  guide  screw  which 
governs  the  sliding  motion  of  the  tool  is  parallel  to  the  axis  of  the  work 
when  flxed  in  the  machine  and  connected  with  it  by  means  of  toothed 
wheels.  The  screw  upon  the  work  will  be  the  same  pitch  as  the  guide 
screw  if  both  revolve  at  the  same  rate,  and  this  will  be  the  case  if 
there  are  only  two  change-wheels  (or  a  train  whose  value  is  1)  with  the 
same  number  of  teeth  in  each.  If  it  is  desired  to  cut  a  screw  with  half 
the  pitch  of  the  guide,  the  work  must  be  made  to  revolve  twice  as 
quickly  as  the  latter,  and  so  on  for  a  thread  of  any  pitch  ;  each  lathe 
is  therefore  supplied  with  a  series  of  change- wheels,  in  order  that  a  screw 
thread  of  any  pitch  required  may  be  cut  in  it. 
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Slotting  and  Plamng,  


When  the  edges  or  surf  aees  of  iron  work  cannot  be  readily  reduced 
to  proper  size  and  shape  by  filing,  a  slotting  or  planing  machine  is 
employed  as  circnmstancee  warrant.  For  example,  the  sides  of  a 
trunnion  ring  are  planed,  but  its  belt  between  the  trunnions  (which 
cannot  be  brought  to  shape  in  a  turning  lathe)  is  slotted,  and  the 
usual  way  of  making  any  non-circular  hole — such  as  the  vent  slot — ^is 
first  to  dnll  one  or  more  round  holes,  and  then  slot  or  pare  the  edges  to 
shape. 

Every  slotting  and  planing  machine  is  self-acting,  that  is,  it  has  a  Slotting  and 
double  action,  by  means  of  which  the  cutter  and  the  work  move  recipro-  planiiag 
cally,  so  that  a  fresh  cut  is  made  every  time.     Thus  in  the  slotting  J^^^^^hines. 
machine  (which  cuts  vertically),  while  the  tool  is  being  moved  up,  the 
work  is  advanced  just  sufficient  for  another  slice,  and  in  the  planing 
machine  (which  cuts  horizontally),  while  the  work  returns  to  be  cut  the 
cutter  slides  across  the  necessary  distance. 

In  the  large  machine  used  for  slotting  the  surface  of  the  gun  between 
the  trunnions,  the  motion  of  the  tool  is  obtained  by  means  of  a  peculiar 
form  of  eccentric,  giving  a  quick  return.  The  table  upon  which  the 
work  rests  can  be  fed  either  longitudinally,  transversely,  or  circularly 
and  the  feed  is  obtained  from  a  horizontal  groove  cam  on  the  spindle 
which  acts  through  a  series  of  levers  upon  spur-wheels  and  screws  in 
connexion  with  the  table. 

In  the  planing  machines  used  in  the  department  the  reversing  motion 
is  similar  to  that  used  in  the  boring  and  rifling  machines,  but  bevel- 
wheels  of  different  sizes  being  employed,  the  table  travels  faster  on  the 
return  than  when  moving  forward  against  the  cutter,  thus  economising 
time. 

Viewing  and  Gauging, 

The  examining  or  viewing  is  a  branch  in  itself,  with  foremen  for 
each  class  of  work,  whose  constant  duty  it  is  to  examine  every  article 
carefully  at  the  close  of,  and  sometimes  during  each  operation,  to  ascer- 
tain that  it  is  manufactured  properly,  and  to  the  correct  dimensions. 
Thus  the  flat  bars  which  form  a  pile  are  examined  as  to  manufacture  Examinatkiis 
and  size  before  they  are  heated  for  rolling ;  the  rolled  bar  is  examined  during  the 
before  it  is  welded  to  others ;   the  long  bar  is  examined  before  and  several  stegea 
after  it  is  coiled ;   the  coU  after  it  is  welded,  faced,  recessed,  bored,  ^  nianufac- 
tumed,  &c. 

Every  gun,  &c.,  is  made  from  a  working  drawing,  which  shows  the  Working 
dimensions  of  the  various  parts,  which  latter  must  be  exactly  according  drawings, 
to  a  sealed  pattern  deposited  in  the  pattern  room. 

No  manufacturing  limits  are  supposed  to  be  allowed ;  any  departure 
from  the  correct  dimensions  is  noted,  and  if  considered  of  consequence 
is  submitted  to  the  Superintendent,  who  passes  or  rejects  it  as  he  may 
think  fit. 

The  bore  and  internal  surfaces,  which  have  to  be  shrunk  together, 
are  measured  by  means  of  gauges  and  Whitworth's  micrometers  to 
10^0  flth  of  an  inch,  which  is  the  smallest  measurement  taken  in  the 
Department. 

A  deviation  of  this  amount  in  the  bore  can  be  directly  ascertained  by  Q-auges  for 
a  bar  gauge,  provided  with  a  self-registering  micrometer  scale.     The  interior, 
bore  of  a  B.L.  gun  is  also  tested  at  different  parts  with  high  and  low 
cvlindrical  gauges.    The  former  must  not  enter,  the  latter  must  pass 
through.     Thus  there  are  three  pairs  of  gauges  for  a  B.L.  gun,  viz.,. 
for  the  powder  chamber,  shot  chamber,  and  the  grip.     The  cylinder 
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Exlomal 
ganging. 


The  sealed 
patterns. 


gauge  for  M.L.  gtms  has  studs*  similar  to  those  ou  the  projectiles  in 
order  that  the  grooves  may  also  be  tested.  From  the  care  taken  during 
the  manufacture  to  have  the  inner  barrel  and  all  the  super-imposed  parts 
properly  centred  in  the  bonng  and  turning  lathes,  the  bore  of  a  built 
up  gun  must  be  concentric  with  the  exterior,  and  the  trunnions  must  be 
in  their  proper  position. 

External  dimensions  are  taken  with  callipers  and  measuring  rods,  but 
in  this  case  t^^^  ^^  ^^  i^ch  is  considered  close  enough. 

After  proof,  guns  are  very  carefully  examined ;  this  process  will  be 
found  fully  described  at  pp. 

Before  any  gun  or  ai-ticle,  which  is  a  separate  store,  is  issued  for 
service,  it  is  examined  by  the  Assistant  Supeiintendent,  who  is  respond 
sible  for  its  exact  accordance  with  the  sealed  patterns. 

These  standard  patterns  are  sealed  by  the  Director  of  Artillery  and 
Stores  for  the  War  Office,  to  govern  future  supplies ;  and  no  one  is 
allowed  to  touch  them  but  the  officials  of  the  R.G.F.  in  whose  charge 
they  are. 


*  The  dimensions  of  the  studs  heing  about  y^th  inch  greater  than  the  high 
gauge  of  stads  on  the  projectile,  and  between  -j^ths  and  -j^ths  inch  below  the 
correct  size  of  the  grooye  itiself.     Vide  table,  next  page. 
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CHAPTEB    VI. 

RIFLED  BREECH-LOADING  GUNS,  THEIR  MANUFAC- 
TURE, FITTINGS,  AND  STORES. 

Sscmoir  I.— Makxttactubss. 

B.B.Ii.  Chizui,  original  Oonatraotion. — ^Sianufactttre  of  40  pr.,  96  cwt. — 
Rifling. — Breech  fittings. — Copper  rings. — Chambering. — ^Bushing. — ^Yent-pieoe. — 
Breech-screw. — ^Tappet  ring. — Lever  and  keep  pins. — Indicator  ring. — ^Proof  of 
B.L.  guns  and  fittings. — ^Processes  after  proof. — ^Lining. — Sighting. — ^Marking. 

SxonoH  II. — BiQBTB,  SiaHTnra,  msd  Stobss. 

Tangent  Slflrlita,  Ii.S  and  S.S. — ^Bectangohur. — ^Hexagonal. — ^Barrel-headed. — 
Sliding  leaf. — Gradoations. — Set  screws. — ^Moveable  damp. — ^Trunnion  Siflrbte. — 
Screw,  and  their  adjustment. — ^Wood  side  scales. — ^Bearens,  shot. — ^Bits,  yent, 
Armstrong. — Bushes. — Clamps,  moreable. — Collars,  leather. — Crutches,  iroiH — 
Extractors,  tin  cup. — Eyes,  elevating. — ^Implements,  facing. — InstmnMnte  taJmig 
impressions.— Instruments,  sighting. — Levers. — Machine,  hand-rifling. — Patch, 
metal,  elevating. — ^Pins,  friction  tube. — ^Pins,  keep. — Pivot,  steel  for  elevating 
arcs. — Plates,  metal  elevating. — ^Bings,  copper  vent-]^ece. — ^Bings,  indicator. — 
Bings,  tappet. — Saddles,  metal. — Scale,  wood  side. — Screws. — Sights. — Sockets, 
metal. — Straight  edges. — ^Vent-pieces. — Wrench,  fixing  elevating  racks. — ^Tables 
of  Fittings,  Sights,  and  Stores,  and  of  B.L.  guns  with  steel  or  W.I.  barrels. 


SECTION  I.— Makotactubb. 

No  R.B.L.  gans  have  been  mauofactared  since  1864,  but  we  have  so 
many  yet  in  the  service  that  all  gunners  should  thoroughly  understand 
their  mechanism  and  know  all  about  their  stores  and  the  repairs  at  times 
necessary,  both  for  the  guns  and  their  fittings.   ' 

All  II.B.L.  service  guns  have  been  made  on  Sir  W.  Armstrong's 
original  construction  (as  mentioned  at  Chapters  II.  and  lY.,  pp.  28,  83), 
and  are  manufactured  entirely  of  wrought  iron  *  with  the  exception  of 
a  certain  number  having  steel  tubes  (vide  table,  p.  143). ' 

This  original  construction,  as  already  stated,  consists  of  an  inner 
of^rieinST*  1^8,rrel,  a  forged  breech-piece,  a  forged  trunnion  piece,  and  one  or  more 
constTOction.'    ^^^3»  according  to  the  size  of  the  gun.    For  example,  the  6-pr.  has  one 

coil,  and  the  7-inch  of  82  cwts.  has  six  coils. 

*  The  3-pr.  B.B.L.  gnn  submitted  by  Sir  W.  Armstrong  in  1855  bad  a  steel  barrel, 
but  that  material  was  abandoned  owing  to  the  difficulty  of  getting  it  of  suttabla 
quality  at  that  time. 


R.B.L.  Guns 


lUirUFAOTDBE  OF  BJJi.  GUNS. 


A^i  a  qtecimeD  of  6.L.  manufacture  vre  may  take  the  40-pr.  of  CH.  TL  6. 1. 
S5  Gwts.  as  Bhows  io  the  diagram  below.  


The  inner  barrel,  or  A  tube  as  it  is  called,  was  made  of  coils  joined 
together  lengthways  in  the  mannerexplaiued&t  p.  108,  but  a  number  of 
guns  (vide  table,  p.  143),  especially  7-inch  20-prs.  and  12-pr8.,haveinnei 
barrels  made  of  solid  forghigs,  t.i;.,  solid  cylinaera  of  wrought  iron  after-  Solid  forged 
wards  bored  oat.    These  were  adopted  owing  to  the  difficulty  at  one  barrels. 
time  experienced  of  making  a  coiled  barrel  free  from  defective  welds, 
but  they  were  soon  given  up,  for  althouffh  they  presented  a  clean  Whj  flis- 
inner  snrface,  the   fibre   which   ran  lengthways  was  in  the  worst  wntliiued. 
direction  for  circtiraferential  strength. 

The  breech-piece  and  trunnion  ring  were  forged,  and  the  nnmbcr  of  Broefli-i)ieo>. 
coils  required  made,  and  the  g^nn  then  built  up  iiy  ebiioking  these  parts  Tf"""'"!' 
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Tumirg,  &c. 


CH.  YI.  S.  1.    over  the  A  tube.    In  these  gaus  the  troxmion  ring  was  not  joined  to 

other  coils  by  forgmg,  as  in  KM Jj.  guns  of  present  construction,  but 

^^to^^th^^  shrunk  on  separately. 

ST^.  5  .  After  the  gun  was  built  up  it  was  brought  to  the  proper  size  and 

""'  shape  by  turning,  boring,  &c.,  and  the  piece  so  completed,  all  but  the 

rifling,  and  the  preparation  of  the  gun  for  breech  fittings. 

In  this  stage  of  manufacture  we  might  close  up  the  open  breech  end 
and  make  a  muzzle  loader  out  of  the  built  up  blocks,  and  indeed  we 
know  that  certain  blocks  prepared  for  R.B.L.  guns  were  afterwards  so 
used  for  making  R.MIj.  64-pr.'guns,  Mark  I.  (vide  p.  81). 

For  the  service  R.B.L.,  however,  the  next  operation  was  to  rifle  the 
block. 

The  groove  is  of  the  simple  shape  shown  below,  the  driving  side 
being  radial  to  the  bore. 

Section  of  Eiflino  (Full  size). 


Bifling. 


GrooTce. 


Lands. 


Vent-piccc. 
Brecch-Bcrcw. 


Gas-tight 
joint  or 
obtiii-ator. 


Vent  slot. 
AVatcr  escape. 


Chambering. 
Grip. 


The  number  of  grooves  is  considerable,  and  hence  the  system  is 
usually  called  a  poly-grooved  or  many-grooved  system. 

The  lands,  or  portion  of  the  bore  between  the  grooves,  were  made  as 
narrow  as  possible  so  as  to  cut  the  more  easily  through  the  lead  coating 
on  the  projectile. 

Modes  of  Closing  the  Breech. 

The  two  modes  usually  employed  for  closing  the  breech  end  are ;  (1) 
to  press  a  block  of  metal  firmly  against  the  end  of  the  baiTel  by  means 
of  a  screw,  or  (2)  by  means  of  a  wedge  forced  in  behind  it. 

All  our  service  B.L.  guns  use  the  first  mode  where  we  have  a  metal 
block  called  a  vent-piece  and  a  breech-screw. — In  the  wedge  guns^ 
however,  which  are  now  in  reser\'o  (p.  81)  a  stopper  and  wedge  were 
employed  instead. 

Obturator, 

In  connexion  with  the  vent-piece  or  wedp;e  it  is  further  necessary  to 
have  some  arrangement  for  making  the  joint,  where  it  meets  the  end 
of  the  chamber,  quite  gas-tight.  As  will  be  seen,  we  use  for  this 
purpose  two  copper  rings  (one  on  the  vent-piece  and  another  screwed 
into  the  gun),*  or  in  the  case  of  the  7-inch  a  ring  of  wrought  iron  and 
a  tin  cup. 

Preparation  for  Breech  Fittings, 

After  being  built  up,  the  gun  was  prepared  for  the  breech  apparatus 
by  having  a  slot  cut  for  the  vent-piece,  and  underneath  this  a  circular 
hole,  called  the  *•  water-escape  "  or  "  drip  hole,"  was  drilled  through 
the  gun.  The  breech  end  of  the  A  tube  was  threaded  for  the  breech- 
bush  to  be  screwed  in,  while  the  end  of  the  breech-piece  was  prepared 
in  the  same  way  for  the  breech-screw. 

Finally,  the  gun  was  chambered,  i>.,  the  powder  chamber  and  ^hot 
chamber  were  bored  out.  The  diameter  of  the  first  is  greater  than  that 
of  the  shot  chamber,  which  is  also  slightly  conical.    Immediately  in 


•  The  ill  efltect  of  a  worn  gas-tight  joint  is  well  shown  on  rent  pieces  which  hare- 
suffered  from  neglect,  through  not  having  had  the  copper  rings  properly  faced. 
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front  of  the  shot  chamber  is  the  "  grip,"  which  is  the  smallest  diameter  CH.  VI.  S.  1. 
of  all,  or  calibre  of  the  piece,  in  order  that  the  projectile,  which  has  a 
thin  lead  covering,  shall,  as  it  begins  to  move,  have  this  covering  com- 
pressed into  the  grooves  of  the  rifling.  From  the  grip  to  the  muzzle 
the  bore  is  slightly  increased  in  diameter,  to  reduce  the  strain  on  the 
gxm^  until  at  the  muzzle  the  bore  is  about  0*005  inch  larger  than  the 
full  calibre. 

After  chamberiDg,  the  gun  was  bushed  by  screwing  into  the  end  of  Bushing. 
the  barrel  the  ring  or  breech-bush  already  mentioned.    This  bush  was 
faced  to  correspond  to  a  ring  on  the  vent-piece  itself. 

The  breech  bush  can  be  easily  repaired  and  refaced,  and  when  worn 
out  replaced  by  a  new  one.  It  is  of  copper,  except  in  the  7-inch,  which, 
though  originally  bushed  with  copper,  are  now  bushed  with  iron. 

With  7-inch  guns,  in  order  to  make  certain  that  there  shall  be  no  Why  tin  cups 
escape  of  gas  when  the  breech-screw  is  home,  a  tin  cup  is  used  to  com-  are  iised. 
plete  the  joint  instead  of  a  vent-piece  copper  ring.    Copper  bushing 
for  these  guns  was  not  found  suitable  owing  to  hability  to  damage  in 
so  heavy  a  gun,  and  the  copper  bush  was  superseded  by  an  iron  bush 
of  the  same  dimensions,  2"  long,  ^"  thick;  but  as  this  occasionally" 
shifted  from   want   of    sufficient  bearing,   a  new  pattern  iron  bush   7"  double- 
s''  long,   i"   thick   was  introduced.     Guns  bushed  with  this  latest  ^^^^^"^  e^"^. 
pattern  *  are  called  double  bushed,  and  are  marked  D.B.  on  the  right 
trunnion. 

Breech  Fittings. 
The  breech  fittings  for  breech-screw  guns  are : — 


Vent-piece. 
Breech-screw. 
Tappet  ring. 


Lever  and  keep  pins. 
Indicator  ring. 


The  Vent'Piece.^ 


So  called  because  the  vent  J  happens  to  go  through  it,  is  the  block  or  Ycnt-picco. 
stopper  which  closes  the  end  of  the  breecn  before  firing. 

The  vent  channel  passes  down  through  the  neck  to  the  centre  of  the  Vent  chanuol. 
block,  and  this  vertical  portion  is  partially  bushed  with  copper ;  from  Yont  bushes, 
the  bottom  of  this  portion  a  horizontal  channel  allows  the  fire  to  reach 
the  centre  of  the  cartridge.    The  bottom  part  is  not  bushed,  as  the 
vent-piece  would  be  too  much  weakened  thereby. 

The  material  of  vent-pieces  has  been  changed  frequently ;  wrought  Material, 
iron  first,  then  steel,  then  Swedish  iron,  then  steel  toughened  in  oil,  and 
lastly,  Marshall's  refined  iron,  have  been  employed.    The  material  of 
which  they  are  made  is  stamped  on  the  back. 

*  Prior  to  the  introduction  of  this  new  bush  all  7-inch  guns  had  been  bushed  either 
\rith  thick  iron  or  copper  bushes.  It  is  advisable  to  rebush  with  the  thick  iron 
bushes  of  O.F.  any  guns  still  haying  the  copper  bush,  and  should  guns  at  out  stations 
not  be  prepared  for  the  double  bush,  and  therefore  not  be  marked  D.B.  on  trunnion 
they  must,  if  rebushed  at  an  out  station,  be  furnished  with  a  new  bush  of  the  old 
pattern,  as  a  gun  can  only  be  prepared  in  the  first  place  for  the  latest  pattern  bush 
in  an  Ainenal.  Vide  p.  316.  Guns  marked  D.B.  would  of  course  be  rebushed  with 
N.P.  bush. 

t  This  is  not  of  necessity  a  part  of  this  B.L.  system.  The  fact  of  the  rent  being 
•drilled  through  the  yent-piece  weakens  the  latter  much,  and  is  an  expensiye  arrange- 
ment. At  the  time  when  BuM.L.  guns  were  introduced  experiments  were  being  carried 
on  as  to  venting  B.B.L.  guns  through  the  body  of  the  piece,  with  favourable  resiilts, 
but  as  shortly  afterwards  the  manufacture  of  B.B.L.  service  guns  ceased,  it  was  not 
thought  worth  while  to  make  any  change  in  the  system  of  Tenting,  which  would  no 
doubt  have  otherwise  been  done. 

X  For  weights  of  vent-pieces,  vide  p.  144. 
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Tiio  rent-piecee  of  sU  natures  escept  the  7-iiich  and  40-pr.  are  lifted 
away  from  tne  g^m  after  each  round,  while  the  former  are  placed  either 
OB  the  saddle  or  vent  reat. 

A  vent  coDsiets  of — 

Body 

Vent  bush,  copper  {in  two  part«). 

Vent-piece,  copper  ring  (except  7-indi). 

Gross-bead. 

Shackles. 

There  is  a  "beak"  on  the  7-Jnch  and  40-pr.  vent-piece,  to  prevent 
the  "  nose  "  on  the  face  of  the  vent-piece  he^g  injared  when  the  vemt- 
piece  is  placed  in  the  slot. 

The  vent  channel  is  bushed  with  copper  at  the  upper  Mid.  The  bnah 
formerly  consisted  of  three  or  four  short  plain  pieces  and  one  screwed 
piece  on  the  t(^,  but  now  one  long  plain  piece  is  used  instead  of  the 
short  ones. 

The  vent-piece  nert  received  the  copper  ring  (vide  p.  124),  required 
to  give  a  gas-tight  joint  when  fitted  against  the  copper  bush.  The  face 
of  the  vent-piece  itself  has  an  annular  undercut  groove,  into  which  the 
ring  was  forced. . 

Bbctiob  o»  Bma. 


The  ring  was  made  from  pure  hardened  copper,  and  has  a  dovetail 

correspcmaing  to  the  groove  iu  the  vent-piece.    In  order  to  put  ■  it  on 

the  vent-piece  it  was  put  into  a  screw  press  and  the  copper  ring  forced 

on,  a  small  amount  being  left  projecting  to  allow  for  refacing  on  service 

(vide  p.  306). 

CH)u-h«»d  "^^^  croes-head  and  shackles  were  not  put  on  till  after  proof.    The 

and  shacklea.     cross-head  is  made  from  a  block  of  scrap  iron,  and  is  so  shaped  that  its 

projections  rest  on  the  slot  when  the  vent  is  properly  placed  for  being 

screwed  np.    Great  pains  ware  tak^i  to  get  this  correct  to  prevent  tb« 

possibility  of  tiie  vent-piece  going  wrong,  so  that  it  should  rest  (Hi  the 

slot  whilst  the  vent-piece  was  being  screwed  up. 

Tent-piet«a  The  material,  date  of  manufacture,  pattern,  and  R.G.F.  number  are 

without  pro-     marked  on  the  back ;  and  the  order  is,  that  the  latest  pattern  available 

tection  M  the    should  be  used,  while  vent-pieces  without  a  projection  at  the  back 

'»''''■  should  on  no  account  be  employed. 


;,  the  brcecb-Kreir  is  utilized  for  this  porpocc.  Tide  p.  809. 
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Ouoi.ni  y EKT-FiBOK.    Beale  1  in.  - 1  fooL 


BXBTICE  Tbxt-Pibcs.*    Scale  1  in.  -^  1  foot. 


.Br«cA-BCT-«o.* 

Is  made  of  steel,  toughened  in  oil  for  all  BIi.  pms  except  the  7-inch,  BI«ccb-sc^ 
which  has  an  ircai  breech-screw  with  a  steel  face  6"  long  screwed  into 
it,  an  iron  face  being  liable  to  "set  up."    The  thread  is  called  the  Mateiial. 
"  V  bevelled"  from  the  shape  of  its  section,  which  is  less  liable  to  be 
jammed  by  grit  or  dost  and  also  more  easily  worked  than  the  square 
thread  used  in  the  early  Annstrong  guns.     Some  of  the  square  thread  Thread, 
breech-screws  are  still  to  be  found  in  use.    The  ends  of  the  thread  are 
not  left  sharp  but  cut  off  at  about  half  their  thickness.    The  7-inch 
breech-screw  has  a  donble  thread;   this  allows  of   the  screw  being 
moved  just  twice  as  quickly,  while  giving  the  same  amount  of  bearing 
surface. 

The  pitch  of  thread  on  the  40-pr.  82  and  33  cwt.  are  not  the  same,  pitch  of 
the  former  being  0"*9,  the  Utter  0"-7,  and  consequently  their  breech-  thread.  ■ 
screws  are  not  mterchangeable  for  the  same  nature  of  gon. 

The  screws  are  marked  with  the  nature  of  gun  (but  not  for  any  Unrks. 


•  For  TTBighto  ride  p.  14*. 
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CH.  VI.  S.  1.    individual  gun),  with  the  register  number,  and  also  with  the  material  of 
7" —  which  they  are  made 

^*»CTew  '^^^  ^^^®  ^^  *^®  ^^^^  ^®  slightly  less   than  that  of  the  powder 

chamber,  in  order  that  the  breech  bush  should  not  be  damaged  by  the 
projectile  when  loading. 


40-FB.  Bbbbgh-sobew,  Tapfbt  BiNa,  Lbybbs,  akd  Kebp 

Scale  f  in.  a  1  foot. 


Pnrs. 


Tappet  ring. 


Lever  and 
keep  pins. 


Tappet  Ring, 

Is  octagonal  in  shape  in  the  interior,  and  fits  on  a  similar  octagon  on 
t'le  breech-screw ;  hence  it  acts  as  a  wrench  to  the  breech-screw,  the 
power  being  communicated  through  its  projections  from  the  tappets  of 
the  lever. 

Level'  and  Keep  Pins. 

The  lever  fits  on  the  breech-screw  behind  the  tappet  ring ;  it  is  free 
to  revolve  round  the  breech-screw,  but  is  prevented  from  falling  off  by 
two  keep  pins  which  work  in  a  cannelure.  The  lever  is  fitted  with 
weight  balls  or  accumulators,  to  give  power  in  screwing  up.  The 
levers  are  all  of  wrought  iron  forged,  the  handles  and  tappets  being 
forged  separately.  The  sjnaU  natures  up  to  the  20-pr.  inclusive  have 
one  handle,  one  weight  ball,  and  one  projection.  40-prs.  have  one 
handle,  two  weight  balls,  and  two  projections.  7-inch  guns  have  two 
handles,  two  weight  balls,  and  two  projections.  The  levers  have  all  a 
play  of  '02  inch  running  round  the  breech-screw,  and  as  there  is  no 
particular  strain  on  them,  they  are  not  easily  damaged;  they  are  inter- 
changeable for  guns  of  the  same  calibre. 


Indicator 
ring. 


Indicator  Ming. 

Is  a  thin  narrow  ring  of  wrought  iron  fitted  on  the  breech-screw  in 
front  of  the  tappet  ring;  on  the  internal  circumference  there  are  a 
series  of  grooves  or  feather  ways,  any  one  of  which  fits  a  '*  feather  "  on 
the  breech-screw ;  it  is  so  adjusted  on  the  screw  that  when  the  vent- 
piece  is  properly  screwed  up,  the  raised  line  of  brass  or  arrow  on  the 
ring  and  on  the  top  end  of  the  breech-piece  must  coincide,  and  then  it 
can  be  seen  at  a  glance  whether  the  vent-piece  is  properly  screwed  up, 
or  should  it  be  dark  this  can  be  ascertained  by  tne  touch.  As  the 
copper  rings  and  breech-screw  are  faced  on  service,  the  position  of  the 
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raised  line  of  brass  most  be  altered  to  correspond  by  shifting  the  rmg  CH.  TI.  8. 1. 

round  on  the  breech-screw.  

The  7-iiich  and  40-pr,  are  the  only  guna  with  which  an  indicator  ring*  Quiu  having 
ia  considered  necessary,  and  soma  40-prs.  of  92  cwt.  do  not  use  them,  indicator 
not  having  sufficient  length  of  breech-BCrew.  •^g»- 


Bnas,  Ikdioawb  (tor  7"  B.L.  aun). 
The  thaded  poitiona  ibow  the  indicator  ring. 


m 


Proof  of  B.L.  gtMt  and  fittings. 

A.B.L.  gun  was  proved  without  its  breech  cloa'ng  apparatus  (spare  Proof, 
being  used)  by  firing  six  rounds  of  1^  the  service  charge,  and  the  service 
sbot. 

Vent-pieces  and  bieech-ecrewa  underwent  two  service  rounds. 

After  Proof. 

The  gons  having  passed  proof  were  next  marked,  lined,  sighted,  Sec, 
prior  to  issue. 

The  wdght  of  the  gun.  Royal  monc^am,  and  broad  arrow  are  Mazla  on 
stamped  in  front  of  the  vent  slot,  and  the  "  mark,"*  name  of  factory,  the  gau. 
date  of  proof,  and  register  number  on  the  left  trunnion. 

Vertic^  and  horizontal  linee  were  marked  on  the  breech  and  muzzle,  Sighting, 
for  the  purpose  of  enabling  the  sighting  plates  to  be  adjusted  (vide 
p.  3101    Vertical  and  horizontal  lines  were  also  marked  on  the  right 
side  of  the  breech  and  right  trunnion,  and  right  «de  of  the  muzzle ; 
but  the  field  guns  have  not  these  latter  marks. 


'  B.B.L.  gum  maj  be  found  on  lerrice  with  the  "  mark  "  omitted  on  tiie  tmnnkm  i 
thii  ii  acooonted  for  awing  to  the  ordAr  not  being  in  eiiitenoe  ae  to  their  being  to 
marked  at  the  time  of  ieaue. 
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SECTION  II.— Sights,  Siqhtikg,  akd  Stobes. 


Bights. 


Our  B.L.  gnns  being  sighted  on  both  sides  have  four  [sights,  viz.,  two 
tangent  sights*  and  two  trunnion  sights. 


Sighting. 


Permanent 
deflection. 

Sockets. 


Tangent 

sights. 

BectanguLir. 

Hexagonal. 


Tangent 
sights,  L.S. 
and  S.S. 


Process  of  Sighting. 

In  all  natures,  except  the  7-inch,  as  the  amount  of  metal  at  the  breech 
end  is  small,  the  tangent  si^ts  work  in  sockets  bored  in  a  wrought-iron 
ring  screwed  on  the  breech  of  the  gun,  so  that  the  sockets  are  inclined 
at  an  angle  of  2°  16'  to  the  left,  to  compensate  for  the  permanent  de- 
flection. 

In  the  7-inch,  holes  are  drilled  in  the  metal  of  the  breech  of  the  gun 
itself  at  that  angle,  and  in  them  are  fixed  gun  metal  sockets  for  the 
sights,  similar  to  those  described  at  p.  188  for  R.M.L.  guns. 

The  trunnion  sight  holes  for  drop  sights  are  drilled  perpendicularly, 
and  in  guns  using  screw  trunnion  sights  the  holes  are  threaded. 

The  sights  us^  are  as  follows : — ^Por  all  except  the  7-inch  of  72  cwt. 
and  the  12-pr.,  the  tangent  sight  consists  of  a  rectangular  steel  bar  with 
a  barrel  head,  or,  in  the  newer  pattern  (introduced  in  1867),  with  a  gun 
metal  head  and  plain  sliding  lesdF.  With  the  7-inch  of  72  cwt.  and  the 
12-prs.  the  bar  is  hexagonal  and  of  gun  metal.  The  reason  of  this 
difference  is  that  these  guns  were  the  first  BJj.  guns  introduced,  and  it 
was  then  thought  that  the  hexagonal  gun  metal  bars  would  answer 
best,  and  afterwards  when  the  fiat  steel  bars  were  preferred  it  was  not 
considered  worth  while  to  alter  the  few  7-inch  guns  of  72  cwt.  in  the 
service,  whilst  the  cost  and  trouble  of  altering  the  numerous  12-prs. 
would  have  been  considerable. 

L.S.  sights  have  under  the  cross-head  an  <'  elevating  nut,"  the  circum- 
ference of  which  is  graduated  from  1'  to  10',  so  that  by  turning  it,  any 
number  of  minutes  of  elevation  less  than  10'  can  be  obtained.'  This  i^ 
considered  unnecessary  for  S.S.,  which  therefore  have  no  nut ;  in  all 
other  respects  the  L.S.  and  S.S.  tangent  sights  are  identical. 

Many  b.L.  sights  of  the  older  pattern,  having  so-called  barrel  heads 
in  which  the  deflection  leaf  is  placed  (vide  diagram  next  page),  still 
exist.  The  second  diagram  shows  the  more  recent  pattern  (according 
to  which  sights  have  been  made  since  1867),  where  the  head  is  plain 
with  a  sliding  loaf. 


*  For  description  of  the  different  murkB  or   pattenu  of    these    tiditi,  vide 

Tahle,p.l46.    " 


raOHTS  AXD  STORES,  B^.L.  QUK8. 


Bahbil-hsadbd  Siohtb,  wit&  uoteiclb  Cuup. 

SoBlef'-lfoot. 


.  (-;.".) 


SIOHTS  AND  STOBES,  E.B.L.  GUNS. 


SLVUlSO'l.T.Ar  SlOHTB. 

Sciile2t"-l[uot. 


Bliding-Ieaf 
Hghta. 


;  In  the  barrel-headed  sights  the  leaf  is  traversed  to  the  ri^t  or  left 
by  means  of  a  screw  worked  by  milled-headed  thumbscrews  at  each 
end  of  the  barrel  bead.  This  screw  ifi  of  such  a  pitch  that  the  thumb- 
screws make  a  complete  revolntion  in  traTersing  the  leaf  10',  and  the 
circumference  being  graduated  from  1  to  10  any  required  number  of 
minutes  can  be  accurately  given. 

There  are  arrows  on  the  barrel  head  showing  the  direction  in  which 
the  screw  is  to  be  turned  to  ^ve  right  or  left  deflection,  and  the  deflec- 
tion scale  !a  gradnated  to  half  a  degree  on  each  side,  in  three 
divisions  of  10'  each. 

In  the  present  sliding  leaf  pattern  the  leaf  is  traversed  by  hand  and 
clamped  m  the  required  position  by  a  milled-headed  screw  on  the  front 
or  muzzle  aide,  and,  though  not  quif«  so  accurate  as  the  old  pattern,  it 
has  the  advantages  of  lightness  and  cheapness,  and  is  not  so  liable  to 
become  stiff  in  working.  It  is  only  necessary  to  use  the  deflectitm  scale 
in  order  to  allow  for  wind  or  similar  causes  of  irregularity. 

The  st«el  tangent  bars  are  graduated  on  one  of  ueir  narrow  sides  in 
degrees,  and  on  the  other  in  yards.  Those  for  the  7-inch  gons  of  82 
cwt.  have  also  a  graduation  on  one  of  their  flat  sides  (right),  showing 
the  number  of  tenths  of  fuze  corresponding  to  the  range  s<^e.  Earn 
degree  is  divided  into  sis  divisions  of  10  mmutea  each. 

In  the  20-pr.  and  lower  natures  the  tangent  sights  are  clamped  at 
the  proper  elevation  by  moans  of  a  copper  set  screw,  secured  by  ch«^ 
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to  the  piece.    In  the  other  two  natures*  the  sight  is  fixed  by  a  "  move-  CH.  VI.  S.  2. 

able  clamp,"f  which  permits  of  the  sight  being  removed  from  the  socket         

and  taken  to  the  light  for  adjustment  during  the  operation  of  loading,  a  ^^^^^^lo 
useful  arrangement  between  decks  or  in  casemates.  ^  ™P' 

MOTEABLB  CLAHP. 


A  list  of  different  marks  of  sights  for  each  nature  is  given  at  p.  146 
and  also  in  notes  to  the  same  the  reasons  are  given  on  account  of  which 
alterations  were  made. 

There  are  two  kinds  of  trunnion  sights,  viz.,  the  screw  pattern  and  Trunnion 
the  drop  pattern,  as  shown  in  diagram  below.    The  former  is  used  with  siglitB. 
field  guns,  !>.,  12-prs.,  9-prs.,  and  6-prs. ;  they  are  screwed  into  the  Scrawpattom. 
gun  so  that  they  may  not  be  shaken  about  and  loosened  when  moving 
over  rough  ground.    The  latter  is  used  with  the  higher  natures.    With 
the  7-inch  of  72  cwts.,  however,  a  large  screw  fore  sight  is  employed 


The  advantages  of  the  drop  over  the  screw  pattern  are  that  the  D^p  .^^^ 
former  can  be  easily  removed  for  transit  and  afterwards  replaced  in  its        ^  ^^ 
true  position  without  any  trouble ;  spare  sights  can  also  be  carried 
ready  to  be  placed  in  the  gun  without  requiring  any  adjustment.! 

Spare  drop  trunnion  sights  are  issued  complete,  and  with  the  leaf 
finisned,  so  tnat  a  new  one  may  be  put  into  the  ^n  when  required ; 
but  screw  trunnion  sights  must  be  issued  with  rou^  leaves ;  hence  the  AdjuBtment. 
field  guns  are  the  only  ones  vnth  which  the  process  of  adjustment  has 
to  be  performed  on  service  (vide  p.  810). 

*  The  7-inoh  of  72  owts.  has  ito  sigfato  dlomped  by  a  fixed  set  screw. 

t  Tide  note,  p.  208. 

X  Screw  tronnion  sights  ave  as  far  as  possible  made  interchangeable,  but  on  account 
of  the  great  difflcnltj  experienced  in  finishing  off  a  thread  wiUi  the  rerjr  minute 
aocnncy  required  in  this  case,  some  allowance  would  hare  to  be  made  whereyer  there 
is  a  ohaiige  of  {XMition.  These  si^ts  can  be  used  for  either  side,  if  drcumstances 
should  require  it,  only  with  the  nsk  of  a  slight  chance  of  error.  With  drop  sights 
the  case  is  different,  were  we  haye  no  screw,  thej  can  be  finished  off  as  desired, 
while  any  slight  error  in  boring  for  the  socket,  Ac,  is  made  up  for  when  the  sockets 
are  finally  adjusted  in  the  gun  (see  p.  181). 


•m. 
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Both  tangent  and  trmmion  sights  are  marked  for  the  nature  of  goo 
to  which  the;  belong,  and  all  tangent  sights  (both  hS.  and  HS.)  ara 
interchangeable  for  the  same  natures  except  between  the  L.S.  and  SS. 
SO-pra. 

Besides  tangent  sights,  B.B.L.  guns  for  S3,  down  to  20-pr.  inclusive, 
are  supplied  with  wood  side  scales,  giving  12*  elevation  and  6°  depres- 
sion, somewhat  similar  to  those  for  S.B.  guns.  In  the  case  of  the 
20-pr.  13  cwt  gun,  however,  when  used  on  &&  decks  of  iron  clad  ships, 
the  wood  side  scale  is  rectangular  in  section  and  has  a  moveable  pointer 
similar  to  those  employed  with  KMJi.  guns,  and  gives  20°  depression 
and  12°  elevation. 


The  stores  for  R,BX.  guns 
follows.    A  table  of  the  same 


made  in  the  Royal  Gun  Factories  are  aA 
is  given  at  the  eod  of  this  chapteri 


8hol  b«anr.         These  shot  bearers  are  of  iron,  with  three  handles  covered  with 
>  ^^^-  leather,  and  are  so  made  that  the  projectile  cannot  be  dropped  from 

them.    They  are  known  as  "  Alderson's  pattern."    Two  are  issued  for 

each  7"  gun. 

Bits,  Tent  (Annitronf^.    Scale  t. 
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The  Arawtrong  vent  bit  ]b  of  steel,  with  a  cross-handle  of  wood  OH.  TI.  S.  2. 
(similar  in  shape  to  a  gimlet).    It  is  used  to  clear  ttie  channel  of  vent-        "^T* 

pieces,  should  the  copper  bush  become  burred,  and  there  is  but  one  ySV^^'* 

pattern  for  all  natures.     One  to  four  7"  or  40-pr.  guns.    For  field  ^ 
service  1  per  divisjon. 

Bushes, 

Sushesy  hreech,  irony  thich^  l^inch. — Two  inches  long,  half-inch  thick,  Breech 

and  is  screwed  into  the  breech  end  of  the  A  tube  of  1"  guns.  bushea 

^  §  899. 

Bushes^  hreechy  «>(/»,  thitij  7-tncA*7-Three  inches  long,  quarter-inch  §  467. 
thick,  and  is  screwed  into  the  thick  bush.    Spare,  1  per  gun. 

BusheSj  hreech^  copper. — Screwed  into  the  breech  end  of  the  A  tubes 
of  40-pr.  breech-screw  gund  and  under,  and  projects  '03  inch  so  as  to  |S  ^^*  ^^^* 
enable  it  to  be  refaced.    Spare,*  2  per  gun.  8^1^ 

Bushes^  coppery  vent-piece. — Spare,*    1   to  two  7"  guns ;    1  to  two  §  1282. 
40-pr.  for  Qarrison  Service,  and  1  for  each  gun  for  Field  Service. 

Clamps  J  Moveable,  for  Tangent  Sights. 
The  moveable  clamps  are  of  gun  metal.    See  page  133.  oiamp  for 

sight. 


Collars,  Leather,  for  Breech  Screws. 


§§1144,1857 


This  collar  fits  on  the  breech-screw  of  12-pr.  guns,  in  rear  of  the  Leather  oollar 
breech.    When  the  vent  slot  was  widened  for  a  thicker  vent-piece  §845. 
some  of  the  threads  of  breech-screw  were  exposed,  and  this  collar 
protects  that  part    It  can  be  pared  as  the  copper  is  faced  away. 

Cbvtohbb,  iBOir.    Scale  i. 


The  vent-pieces  of  40nprs.  and  smaller  natures  for  sea  service  not  Crutch, 
affording  room  for  a  friction  tube  pin  are  fitted  with  a  crutch,  attached  §5  27,  G88. 
round  the  moutii  of  the  vent  channel  by  two  screws.    A  slot  is  cut  in 
the  horizontal  part  of  the  crutch,  through  which- the  friction  bar  of  the 
quill  tube  passes,  thus  the  head  of  the  tube  is  supported,  and  the 
liability  to  its  being  broken  off  prevented  when  pulling  the. lanyard. 


^  Thifff  copper  ntfelaffsfaotiH  be  eanicd  In  some  place  wfieratheTr  would  not  be 
liable  to  be  ur|^''^f  or  pot  otit  of  fhape. 


N 
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CH.  TI.  8. 2.       With  guns  used  J'or  field  marine  purpoees  the  crutch  has  two  elotfl  ao 
~~-         as  to  enable  them  to  be  fired  from  the  left  side  when  on  lantl 


BxTBtctoBB,  1^  Cvr. 


The  tin  cup  extractor  for  LJS.  Ls  an  iron  hook  with  a  wooden  cross- 
handle.    Oae>to  each  gun. 

For  S.8.  it  is  an  iron  lerer  with  a  barbed  hook  at  one  end  to  extract 
the  tin  cups,  whilst  at  the  other  end  it  has  a  curred-ahape  hammer 
used  as  a  "  lever  lifting  joint." 

The  above  are  only  used  with  7"  guns. 


Ei/es,  Elevating  (with  Salt,  WaAtr,  and  Keep  Pin) 

EloTftdiiKejM.  The  elevating  eyes  are  of  iron,  and  are  screwed  underneath  the 
{g  178,690,  breech  o!  L.S.  field  guns  only.  The  20-pr.,  12-pr.,  and  9-pr.  are 
711,998.  double-headed,  but  the  6-pr.  is  solid-headed:   theoMda  of  toe  ele- 

8eo  alio  §  lOZ. 
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vating  screws  will  therefore  respectively  be  Binglo-headed  and  doable-   CH.  TI.  8.  e, 
headed.  

QCIDB  I'UTCS. 


a  Ouido  plate. 

Guide  plates  are  of  steel,  and  one  in  screwed  in  at  the  right  rear  of  Chiide  plate. 
the  vent  slot  to  guide  the  lanyard — which  passes  tbrongh  it— direct  on  IS  4T8, 688. 
the  quill  friction  tube.  It  has  a  cross-head  on  the  top,  to  which  a  loop 
on  the  lanyard  can  be  attached  when  the  gun  is  loaded,  and  so  prevent 
the  gon  t«ing  fired  accidentally.  The  navy  alone  use  it,  as  they  fire 
their  guns  from  the  rear  immediately  tlie  object  is  in  line,  and  this 
guide  plate  enables  the  gunner  to  have  a  steady  and  direct  pull  on  the 
lanyatxi  while  looking  over  the  eights. 


Implemints,  Facing. 

For  detail of/adng  itnpkmentaBe&  Table p.S2l,7"  one  per  district, one  b    Ttang  inpk- 
leaervej  4(>'prs.  one  per  battery,  one  in  reserve;  other  guns  one  per    nientB. 
battery.    The  use  of  these  mstruments  is  described  at  p.  S06.  ft  Bl6.  fil6> 

674.  676,  748, 
107S. 


tn^rumenis  taking  Impreiiions  of  Sores  ofOvnt. 

^  impreesions  of  bores  of  guns  there  are  two  set 
.    » small  set  (No.  2)  is  used  for  guns  up  to  20-pr, , 
(No.  1),  from  40-pr.  upwards,  both  M.L.  and  B.L.    A  set  consists  of   i"^^"^ 
a  semi-cylindrical  iron  frame,  about  3  feet  long,  connected  with  tux  iron    *,^  g  ^^^^ 


For  taking  impressions  of  bores  of  guns  there  are  two  sets  of  instni-   Iml 
ments.    The  small  set  (No.  2)  is  used  for  guns  up  to  20-pr, ;  the  other   ^^  taking 
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OH.  YI.  S.  a.  tube  in  such  a  manner  that  by  screwmg  up  a  rod  which  paases  throagfa 

the  tube  the  frame  can  be  worked  up  or  down. 

Upon  this  frame  a  gun  metal  or  iron  plate,  corresponding  to  each 
calibre  of  gun  is  screwed,  and  when  an  impression  is  requir^  gutta- 
percha is  spread  on  the  plate,  and  by  means  of  the  rod  is  pressed 
against  the  defective  part. 

Plates  are  not  necessary  for  the  6-pr.  or  40-pr.  gnus,  as  the  frames 
answer  the  porpose  required. 


Instruments,  Sighting,  Set, 

Sighting  Sighting  iiiBtntmcaits  are  fof  spedal  issue  only. 

inBtramento.     Committee  Proceedings,  1867« 

§§1061, 1096. 

Levsrs* 


See  Ordnance  Select 


Leren. 


Levers,  Iresc^erew^^^So^  page  128. 


LEVi^  iMoif,  fOB  BSirBAsnra  Ybxtt-pibob.    SoaLo  1  in.  «  1  foot 


L  See  also      Lever,  troff ,   rtUamng  vent-piece. — Is  an  iron  crowbar  about  3  feet 
§  1484.  xo  inches  long,  for  prizing  out  the  vent-pieoes  of  7-inch  guns  when 

they  jam.    One  per  gun* 

MiCHDrs,  KASD-mttrsa  (for  6-pr.  BX.  Chm.    Scale  li  in.  •  1  foot). 


There  Is  one  hand-rifling  machine  for  each  nature  of  gun,*  and  they 
ii.^..i»i7,  ^^  nearly  all  alike  in  pattern*    They  are  for  the  purpose  of  filing 

ff^T^KM,    down  any  metal  that  may  be  turned  up  in  the  bore  by  the  premature 
bursting  of  a  shell,  or  other  cause.    The  machine  consists  of — 


fiand  rifling 
machine. 


1  Bar,  working,  (h)  with  cross- 
handle.  (The  12-pr.,  9-pr., 
and  6-pr.  have  no  cross- 
handles.) 

1  block,  guide  (d). 


2  cutters,  file  (h). 
1  distance  piece,  in  halves,  with 
bolts  and  nuts  (e). 

1  head,  filing,  with  springs  (e). 

2  screws,  fisdng. 


*  That  for  the  12-pr.  is  th^  eame  inBtnanetit  as  that  UMd  with  the  0-pr. 
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The  filing  head  is  of  hornbeam  wood,  and  is  grooved  like  the  barrel  OH.  TL  S.  L' 
of  the  gun.  The  head  is  exputded  by  means  of  long  springs,  in  the  ~^ 
7"  there  are  two,  in  the  other  natures  one,  and  small  files  can  be 
fitted  on  either  side  of  t^  bead  which  are  kept  up  to  their  work  in 
the  bore  by  a  spiral  spring  fixed  beneath  tbem.*  One  file  is  for  the 
grooves  and  the  other  for  the  lands,  and  they  are  shaped  accordingly  ; 
only  one  file  at  a  time  can  be  ased.  When  required  to  be  used  the  file 
for  tiie  lands  or  grooves  (according  to  circumstances)  is  fixed  and 
worked  backwards  and  forwards  mitil  the  bore  is  smooth.  The  guide 
block,  which  is  placed  in  the  muzzle,  keeps  the  bar  in  the  centre,  and 
the  distance  piece  is  clamped  on  the  bar  at  the  ascertained  distance  of 
the  flaw,  &C.  from  the  mimle,  thereby  ensuring  the  action  of  the  file 
on  the  proper  place. 

Patch,  Mttal,  EUoating. 

These  patches  are  made  of  gun  metal,  and  screw  into  the  elevating  Slenting 
OTO  holes  of  12-pr.,  9-pr.,  and  6-pr.  guns  when  fitted  for  sea  service.  P^>^ 
Tne  8-pr,  patch  has  a  steel  screw.  |l  '^'  '|8. 


Pmt. 

Pnr,  Faioiios  Tubs, 


Piia,  Jriction  Ttibe,  are  of  wrought  Iron,  case  hardened,  and  are  Frietion  tobe 
inserted  1"  '3  to  the  left  front  of  the  vent  channel  of  7"  vent-pleoes,  for  pin. 
flea  service  only.  The  loop  of  the  qoill  friction  tube  fits  over  the  inn, 
and  the  mou^  of  the  vent  bemg  rimed  out  to  a  depth  trf  1  inch,  gi^g 
the  tube  a  little  pW,  ensures  the  pull  of  the  lanyard  acting  upon  the 
loop  of  the  tube.  The  pin  is  now  1  inch  long  to  prevent  a  liability  of 
the  loop  slipping  off.    See  CnUchn,  Iron. 

Pint,  tttpi  Inwr^— Sea  page  128,  Spare,  me  per  7"  and  40-pr. ;  two  for  ^^^  ^«V 
oUier  gniM.  piiu. 


*  The  9"  h«  no  «^nl  ipring,  the  douUe  iprlng  being  flnffldeut  (or  the  piupoie. 


uo 
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Elerating 
plates. 


Vent-piece 

ring. 

§§  472,  526, 

350.    See 

also  §  528. 


OH.  VI.  S.  2. 

Pivots^  Steeljfcr  elevating  Arcs.    {See  Plates^  metal  elevating). 

Plates^  metaly  elevating. 

These  stores  are  only  required  with  the  20-pr.  B.L.  guns  of  13  cwt. 
8.S.  when  mounted  on  wrought  iron  sliding  carriages  and  slides,  which 
guns  will  be  fitted  on  both  sides  of  the  breech  with  the  necessary  screw 
holes.  Only  one  plate  is  used,  which  is  triangular,  as  in  the  case  of  the 
40-pr.  R.M.L. 

liings. 

Ring 8^  copper^  vent-piece, — Ilave  a  half  dovetail  cm  the  inner  side, 
which  prevents  the  passage  of  the  powder  gas  down  between  it  and 
the  iron  of  the  vent-piece.  It  projects  from  the  face  of  the  vent-piece 
when  new  "  *05,  so  that  it  can  be  re-faced  from  time  to  time,  as  it  is 
found  to  wear.  Small  channels  are  cut  on  the  inside  of  the  ring  to 
allow  the  confined  air  to  escape  when  placing  it  on  the  vent-piece. 
Spare^  two  per  field  gun ;  they  should  be  carried  in  some  place  where 
they  are  not  liable  to  be  injured  or  put  out  of  shape. 

Indicator  ring.       liings^  Indicator^  for  1"  and  40^r.  B.L.  Oun. — ^Vide  diagram  and 
J§  790, 1083.    description  at  p.  129. 

Tappet  rings.        Itinge^  tappet, — Seep.  128. 

Saddles,  Metal 

Metal  saddles.  These  metal  saddles  form  the  vent  rest  for  the  7-inch  guns,  and  are 
attached  to  the  gun  in  rear  of  the  vent  slot  by  means  of  screws.  The 
saddle  for  the  72  cwt.  gun  A  is  about  2^  inches  shorter  than  that  for 
the  B  gun  Tthe  breech  of  the  latter  being  longer  than  the  former),  and 
is  fixed  witn  four  screws.  All  the  other  saddles  have  six  screws.  The 
saddles  for  the  82  cwt.  gun  are  stouter  made  than  those  of  the  72  cwt., 
and  the  position  of  the  holes  for  fixing  them  is  slightly  different. 

Scale^  Wood  Side. 
Scale  1"=*1  foot. 


I  ^?iti?Hii?i*fl3ittntirf3?B 


Wood  side 

fffiletx 

§1204. 


The  wood  side  scale  is  used  by  the  navy  for  broadside  guns  inde- 
pendently of  all  other  sights,  when  the  object  to  be  hit  is  obscured  by 
smoke,  &C.,  thereby  rendering  the  other  sights  useless.  It  must  be 
used  in  connexion  with  the  ship's  pendulum,  or  other  means  employed 
to  show  the  heel  of  the  vessel,  and  the  number  of  degrees  of  elevation 
or  depression  to  be  added  or  deducted  from  the  required  range,  t.e.,  if 
firing  from  the  windward  side,  and  the  pendulum  showed  d^  of  heelhig 
over,  deduct  3^  from  the  correct  elevation  for  the  range  of  the  object 
aimed  at  to  allow  for  the  inclination  of  the  ship^s  deck. 

These  side  scales  are  adjusted  to  the  rear  chock  of  the  carriage  with 
the  zero  notch  coinciding  with  a  point  on  the  vertical  line  intersected 
by  the  horizontal  line  cut  on  the  right  side  of  the  breech,  the  gun  being 
horizontal.  They  are  graduated  to  gfive  6°  depression  and  12°  eleva- 
tion, the  radius  being  the  distance  from  the  centre  of  the  trunnion  to 
the  point  of  intersection  on  the  side  of  the  breech. 
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The  wood  side  scale  for  the  20-pr.  of  13  cwt.  or  15  cwt.  is  rectangular  CH.  VI.  S.  3. 
in  section  and  has  a  moveable  pointer  similar  to  that  used  with  R.M.L.         ~"~^ 
guns.    This  scale  gives  a  depression  down  to  20*",  and  from  0°  to  12* 
of  elevation. 
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Screws  J  hreeeh. — See  page  128.  g^ 

Serewij   copper^   aet^   right-hand  €md   left-hand. — ^Are  used  for  the  §§935,'ooi- 
purpoee  of  clamping  the  tangent  sight,  and  pass  through  bosses  in  the  soe,  ids4» 

829. 
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CH.  TI.  S.  2.   tangept  sight  ring.    These  set  screws  for  the  20-pr.,  dowawards,  are 

attached  to  the  guns  by  a  small  chain. 

Screws^ficing^platesj  tnetal^  elevating.^^WrGaghtiroUy  and  fasten  the 
elevatmg  plate  to  20-pr.  of  13  cwt. 
-  ggg  Screws^  fixing^  crulch, — ^Wrought  iron,  and  attach  the  crutch  to  the 

^       '  top  of  the  vent-piece. 

Screws^  fixing^  metal  saddle. — Wrought  iron,  and  attach  saddle  to  7" 
guns.    Spare  one  per  gun. 
§  485.  Screws,  preserving, — Wrought  iron.    Occupy  the  holes  for  the  crutch, 

friction  tube  pin  and  guide  plate,    when    the   g^un  is  used  for  land 
§  30.  service,  and  mounted.    When  dismounted,  those  in  the  gun  are  removed 

and  the  holes  filled  with  grease,  to  prevent  the  screw  heads  from  being 
broken  off. 

Sights, 

Sights.  Sights  instructional^   wood, — Hexagonal  in  shape,  and   an   enlarged 

§  1480.  model  of  the  tangent  sight.    Rectangular  are  also  issued  on  demand. 

§§  1143, 1476.  Sights  tangent. — See  p.  131. 

§  872.  Sight^  trunnion. — See  p.  133. 

Sockets^  MetaL 

Metal  BocketB.      These  gun  metal  sockets  are  for  the  hind  centre  siirht  and  tangent 
§1481.  sight.— 

Straight-Edges  for  testing  Breech-screws^  jrc. 

Stniight-odge.      The  straight  edges  are  of  steel,  18"  x  li"  x  A".  See  p.  303. 

§1016.  o  o  a        10  r 

Vent-pieces. 

Vent-piece.  Foi'  vent-pieces^  see  p.   127.    For  field  batteries,  two  vent-pieces  per 

s  USE  ^^^  ^^^  issued ;  one  is  carried  in  the  gun,  one  at  the  side  of  the  trail, 

^  and  two  in  addition  per  battery.    Garrison  and  siege  batteries  have 

three  per  gun. 

Wrench^  fixing  elevating  racks. 

Wrench  for  Are  used  to  attach  the  elevatmg  plates  and  racks  to  the  20-pr.  R.B.L 

elerating  guns  when  mounted  on  the  decks  of  iron  clads.    Vide  p.  211  for  descrip- 

plates.  tion  of  this  store. 
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CH.  VI.  8.  2. 


TABLE  XIII. — Nature  of  Tangent  Sights*  and  Particulars  of 

Graduations  for  Rifled  B.L.  Guns, 


Permanent 

angle  of 

Deflection 

of  Sights. 

Length 

Radius 

in 
Inches. 

Graduations 
for  Degrees. 

Graduations  for 
Yards. 

Nature  of  Gun. 

1 

Length  in 
Inches. 

1 

Charge  in 
lbs. 

Length  in 
Inches. 

Remarics. 

C82CWU. 
7-InnhB.L.{ 

U2cwtB. 

( 

46 
41-2 

15 
ID 

12-067 
7-36 

8,600 

11 

8-286 

40-pr.  B.L.,  82  and  S5 
cwts. 

p6  cwts. 

46 

86-2 

15 
12 

12-057 
7-656 

8,800 
8,500 

6 
2* 

8-4819 
6-923 

2a.pr.B.L.]  15^^13 
V.    cwts. 

.  20  16/    , 

28  45 

15 

6-195 

8,000 

2» 

4-2373 

12-pr.  B.L.,  8  cwts. 

82-875 

10 

5-71 

3,400 

li 

6-033 

0-pr.  B.L.,  6  cwts. 

28-46 

15 

6-196 

8,000 

U 

4-044 

6-pT.  B.I*.,  8  cwts. 

J                \ 

23-46 

15 

6-195 

8,000 

1 

4*506 

*  BosldM  tangent  fights,  the  Bifled  B.L.  guns  for  S.S.  down  to  20-pra.  indnsive,  are  supplied  with 
wood  side  scales  (ride  p.  140). 
NoTB.— The  mettf  lieads  of  4be  tights  an  not  to  he  pslishcd,  aa  it  would  erentoallj  destroy  their 


TABLE  XlVi — ^Table  ehowing  the  Numbeb  of  RBX.  Gukb  in  tbe 
Sebyice,  with  the  various  kinds  of  Barrels. 


Barrels. 

Nature. 

Total. 

Coiled. 

1 

Solid  forged. 

Steel. 

Brcccli-Serew. 

699 
35 

179 
41 

5 

883 
76 

^•p"{82 : 

791 
194 

— 

28 

819 
194 

fie  , 

83 

— 

6 

89 

20-pr8.'  15    1 

26 

— 

6 

31 

.18    , 

100 

187 

6 

292 

12-pr„       8    , 

294 

286 

121 

701 

9-pr.,       6    , 

261 

5 

— 

266 

6-pr.,       3    , 

y        ••           « 

80 

■'     ■ 

18 

98 
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CH.  yi.  S.  2. 


TABLE  XV. 


Weights  of  R,B,L,  Vent-pieces  and  Breech  Screws. 


Vent-pieces : — 7-in. 

40-pr. 
20-pr. 
12-pr. 

9.pr. 

6-pr. 


Cwt. 

qrs. 

lbs. 

1 

0 

24 

0 

2 

3 

0 

0 

27i 

0 

0 

15 

0 

0 

14| 

0 

0 

8l 

Breech  screw  complete,  with  lever,  tappet  riog*,  and  keep  pkia  :*- 


7-inch 

40-pr. 

20-pr. 
12-pr. 

9-pr. 

6-pr. 


•  d 


•  • 


Cwt 

.  qrs 

.lbs. 

5 

2 

18 

2 

1 

13 

1 

0 

0 
2 

8J 
12 

0 
0 

2 
1 

6} 
10 

•  • 


•  • 


Pitch  of  threftd. 
Iiush. 

1-4 
/  0-9—82  cwt.  gu  n 
•      \  0-7— 35    „ 
0-5 
0-5 
0-5 
0-5 
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CHAP.  VL  8.2. 


TABLE  XVI. 


Table  showing  the  Frrxmos  and  Stores  for  R.B.L.  Service  Guns. 


ypnupcUituw 
of  all  Flttingi  and  Storei 
made  in  the 
Boyal  Gun  Factoiiet 

for  the 
BiruD  B.L.  Gum. 


7-inch 
Gun. 


40-pr. 


82cwt. 


I 

-I 


Bnahet 


BenicTii  ihot*     m*       ,„       ^, 
BIti,  Tent,  Annstrong* 

(breech  i*™»  {thin       Z 

1  (copper    

\^copper,  Tent-piece«  teta    ... 
Clampa,  moveable,  for  tangent  ilghta 
Collart,  leather,  for  breech«acrew      ... 
Cnttchet,  iron     

£ztEaeton,4tn  cnp-i  S.8.*  with"  lere'r 

C    luting  joint 

Kyea,  eleratlng  » 

Guide  plates*      

Implementa,  facing,  Mt* 

Initrumenta,  taking  Impret-  TNo.  I  ... 
siona  of  bore  of  gona  cNo.  2  ... 
Inatromenta,  sighting,  set 
JjBverm  f '>'««ch-acrew 
MJOTcn  ^  jj^  releasing  rent  piece* 
Machines,  hand-rifling  ... 
Patches,  metal,  elcTating       ... 

{friction  tnbe*  
kMit  f  lover  
"**    I  piTOt,  eleratlng 

nvots,  steel,  for  elcTating  arcs 
riates,  metal,  eleratlng 

( copper  f  rent-i^eoe      

Rings  <  indicator         

v^appe*  ,«•(       ...       «..       ... 

Saddles,  metal     ...       

Scales,  wood,  side  

DieecQ  ...       «••       ... 

nnnnMi    --.*  f  rfght  hSHd      ... 

^'W*^'"**!  loft  hand      ... 
/'crutch       ...       ... 

fixing  \  "*«^  *^* 

Cplate,  eleratlng    ... 

___     /'cmtcAi*     ...       ... 

P™"  3  pin*  Motion  tabe* 
j  guide  plate* 
Vplate,  elevating  .. 

{instructional,  wood  
tangent 
trunnion          

Sockets,  metal,  tangent  sight 


Screws  « 


serv- 
ing. 


Stnight.edges,    for   testing  breech- 
screws  and  vent-pieces,  4c.* 

Vcnt-pieoes        , 

Wrench,  fixing  elevating  racks 


1 
1 
1 
1 

1 
2 


I 


■ 

I 

64 


8 


•pr.  20-pr. 
Gun.     Gun. 


t 


I 


1 

2 


6 


2 
2 
2 


1 
1 
I 
1 

1 

2 


1 
1 
2 
1 


n 


1 

1 


2 
2 
2 


1 
1 
1 
1 


1 

1 

tl 


2 
2 
2 


2 


! 


1 

:i 
1 

1 

u 


2 
2 


9 

s 


l^pr. 

Gun. 


8 


2 
2 


6 


2 


9-pr. 
Gun. 


6-pr. 
Gun. 


S 


I 


1     1 


2 


1 
2 
2 


2 


3 


8 


I 


2 


2 
2« 


2 


2 


RtMAXSS. 


(^Issued  in  oer> 
\  tain  propor- 
j  tlons  as  re- 
V.    quired. 


Seep. 


For  20-pr.  18  cwt. 
guns  when  used 
on  upper  decks. 
Do. 
Do. 
Some    40-pr.    cf 
82-cwt.      have 
no  room  for  an 
indicator  ring. 
20-pr.  18  or  16  cwt. 


{ 


The  A  pattern 
gun  of  72  cwt. 
has  four  fixing 
screws. 


/'Issued  in  eer- 
j  tain  propor- 
y  tions  as  rs- 
V.    quired. 


*  Universal  patterns, 
t  Different  patterns  for  A  and  B  gons. 

t  The  breech*scTews  for  the  40-pr.  of  86  cwt  and  40-pr.  of  82  cwt  haTe  threads  of  different  pitdi  lad  • 
therefore  are  not  interchangeable. 

Kon.->All  the  abore  are  interchangeable  with  guns  of  the  nme  natare,  eioeptisitl. 
(C.O.)  L 
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CHAPTIER   VII. 

niFFEEENT  NATURES  OP  BJBX.  GUNS 

IN   THE   SERVICE. 


B.B.I..  Ghms  In  the  flervioe.— 7-inch  of  72  owt.— 7-mch  of  82  owt.— 40-pp.^ 
32  cwt.— 40-pr.,  35  cwt.— .20-pr.,  16  cwt.— 20-pp.,  15  cwt.— 20-pp.,  13  cwt.— 12  pp., 
8  cwt.— 9-pp.,  6  cwt.— 6  pp.,  3  owt.— Wedge  (J4-pp.,  61  cwt.— Table  of  Dimen* 
■ions,  &c.  Ac.  of  B  Jj.  gune. — ^Numbep  in  the  Service. 


dHAP.Yir. 


The  following  la  a  short  description  of  each  nature  of  R  B.L.  gun  in 
the  swvioe,  a  list  containing  the  whole  of  which  will  be  found  at  p.  160. 

There  are  two  natures  of  7  in.  guns  as  shown  below. 

The  heavier  nature,  weighing  82  cwt,  was  that  first  practically  intro- 
duced into  the  service,  a  number  of  these  g^una  having  been  issued  in 
186L* 

From  eiperienoe  gained  in  the  case  of  the  40-pr.  guns  it  was- 

thought  advisable  to  mamifacture  these  pieces  with  a  strengthening 

coil  over  the  powder  chamber.    Before  their  construction,  however,  was 

finally  determined  upon,  a  limited  number  of  guns  of  a  lighter  dp- 

Bcnption  had  been  manufactured  in  part,  and  these,  76  in  number,  were 

subsequently  utUized  by  completion  as  7-inch  guns  of  72  cwt. 

These  latter  guns  are  for  L.S.  only,  and  were  issued  to  the  service  in 
1863. 


7.inch  gan,  of  82  Qwt  LS.  and  S.S.  consists  of  :— 


A  tube 

Breech-piece  and  B  tube. 


Trunnion  ring,  and 
Six  coils. 


7-iircH  B.B.L.  Gtnr,  8S  owr.^-floalo  |in.»lfoot. 


§935. 


fc •..—.. 


V 


••••«*«««»«*»*M 


•—■-••■•••••••••••••-51 4,  ju  •«,•••.•«»«  « 

-iMOZib  unraw  oc  atm.—. . 


••>««••*  ^P' 


(ao.) 


1.8 


NATDHES  OF  B3X.  GDNS. 


Vekt-Pibcb."— 3«lelin.=lfoot. 


It  is  used  by  the  land  and  sea  service,  but  Dot  being  sufficiently 
powerful  for  the  penetration  of  iron  platen,  it  has  been  replaced  in  the 
naval  service  by  M.L.  guns. 

It  was  first  termed  "  100-pr.,"  but  aftenvards  in  18GI,  when  the 
weight  of  projectile  was  increased  to  110  lbs.,  it  was  so  designated  110- 
pr.,  and  lastly,  7-iach,  as  at  present. 

7-inch  of  72  CWt.  L.S.  ConsiBts  of: 

A  tube  or  inuer  barrel. 
Breech-piece  and  B  tube. 
Trunnion  ring,  and 
Four  coils. 

There  are  two  classes  of  this  gun,  respectively  marked  on  the  left 
trunnion  A  and  B ;  thny  only  differ  in  length  of  barrel  and  breech,  A 
being  2"  longer  in  the  barrel  than  B,  and  2"  shorter  in  the  breieoh. 

In  1863  itfl  designation  was  changed  to  "  light"  110-pr„  and  finally, 
to  7-inch  of  72  cwt. 


■  The  projection  ihoini  on  top  of  the  Tont  piece  ii  obeolete. 
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40'Pr.  gun  of  32  cwt,*  cal.  4"'75  L.S.  and  S.S.  consists  of  :— 

A  tube. 

Breech-piece  and  JB  tube. 
Trunnion  ring,  and 
Three  coils. 


I 

11 

a 


•••■••• 


i^f^i'^^-g 


:  h! 


CHAP.  vn. 

§901. 


*  There  were  in  the  serrioe  until  lately  two  other  B.L.  guna  with  wedge  breech- 
doeing  appnratusi  which  are  now  withdrawn  to  reserre.  The  diagram  at  p.  159  shows 
the  heayier  nature,  a  64-pr.  of  61  cwts.    The  other  gun  was  a  40-pr.  jf  32  cwts. 


KATUEES  OF  B3X.  OUHS. 

Tashuit  Siqht  AMD  SlKO.     Scklo  2  ilL  —  1  foot.* 


/ 'A-  -, 

~^~~^"* 

H 

1 

/''       1 

i 

SXOP  TBiniinox  Sioht.    Scale  2  in.«l  foot. 


BsnoH-icsnr.    Seal*  1  in.- 1  foot. 
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1862,  p.  176. 


Recommended  in  1859,  for  the  navy,  as  a  broadside  or  pivot  gan ;  it    CHAP.  VII. 

is  also  now  used  by  the  land  service  for  batteries  of  position,  siege  and         

garrison  purposes.  oSmL*'° 

A  few  of  these  guns  have  trunmone  made  of  ccut  iron^  and  are  known  i^2!'d^' 
hy  the  face  of  the  trunnion  being  bored  out  in  the  centre. 

This  gun  is  sometimes  termed  the  O.P.  (old  pattern)  40«pr. 

40.pr.  gun  of  35  cwt.  cal.  4"*7d  L.S.  and  S.S.  consists  of  the  same  §  902. 
number  of  parts  as  the  d2-cwt.  gun,  but  has  a  longer  and  a  stronger 
breech-piecey  which  is  unsupported  behind  the  vent  slot^  and  rounded 
off. 


♦^ij 


I 


u 


QQ 


3 

i 

9 


a? 


Tf 


n 


I 


iJl 
I 


■E 


It  has  a  raised  coil  in  front  of  the  vent  slotj  and  is  known  as  the 
«•  G  **  pattern. 


NATUBES  OF  R.BX.  OUKS. 
TASOBirr  Sioht  Biks.    Scale  iin.-l  foot. 


40-FB.  Bbbbob-bcbew,  Taffvi  Bixo,  Letsbb,  Am  Keep  FisB.  Scalefin.    Ifiiot. 

f  Mh 


*  iDterchsDgeable  for  both  40-pn. 
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This  pattern  was  introduced  in  1860.  more  as  a,  matter  of  prscaution  CHAP.  Til. 
than  from  apy  symptoms  of  weakness  in  the  lig'hter  nature.    It  is  used         — 

for  the  B&me  purposes  as  the  S2-cwt.  gun,  and  the  fittings  are  inter-  S^"**  "" 

changeable  with  the  exception  of  the  breech-screw,  which  has  a  JgiM^^'ig 

different  shape  and  pitch  of  thread.  ^  ^' 


20-pr.  gnnof  16owt.caL3"-75  L.S.  consists  of  :— 

A  tube.  I  Trunnion  nng,  and 

Breech-piece."  |  Five  coils. 

M-pK.  B.BX.  QvM 


§908. 


TAtfOEirc  Ain>  Dbop  Sioht.    Sosls  1  iii.~l  foot. 


ided  in  1859  (then  25-pr,)  as  a  light  gim  of  position,  but  ^*?*"* ''" 
subsequently  it  was  resolved  to  use  a  lighter  projectile;  hence  its  J^'^^^Vt 
alteration  to  3Q-pr.    It  is  used  only  for  heavy  field  batteries  of  reserve.         '  **' 

aO-pr.  gau  of  16  owL  cal.  3"-75  S.S.  consists  of ;—  §  floi. 

A  tube.  I  Trunnion  ring,  and 

Breech-piece.  |  Three  coils. 

SO-FB.  B.S.L.  Qm,  IB  OWT.    Settle  )  in.  ■  1  foot. 


•  Qant  tmder  40-pn.  hare  no  S  tvbti. 
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NATUBBS  OF  a^X.  SONS. 


CHAP.  TIL  Was  adopted  in  LS59,  fcH-  the  imry,  u  a  broadside  gun  for  abipe  of 

—  the  sloop  claas,  in  ^icfa  there  is  not  auSdent  width  of  beam  to  weak 

Bmari  ob  ^j^  ]^ad  service  20-pr.     Its  axtamal  ^pearaac«  is  ontiral;  different 

?ftM^'i8.  '^**  °*  *^® '"''  ■^'^'*  2il-pr.,  u  it  is  2^  feet  Aorter,  has  a  raised 

'  ^'  coil  in  front  of  tiie  veut  slot,  and  the  ls«adt'piec«  is  nnsupported  in  the 


20-pr.  ganof  13  owt.  cal.  3*-7o  S.3.  consists  of  :- 
A  tube. 


Breech-pieca. 
Trannion  ring,  and 
PoiKcoila> 


2Ckxa.  S3.Ii.  Ou,  13  Gwx.    SflO*  fin.-!  bot. 

^1^ 


t!f 


.£ ->U— la.i/i— . 


TisroBXT  Siawc  and  Bibq.    SoBla2iD.-lf(iot. 


"1 


*  IntOTchtuigeabU  tot  ill  20-pn. 


NATUBES  07  R3.L.  GtTNS. 


ShjiecB'BCSKW.*    BaJs  H  in.  — 1  foot. 


Recommended  iu  1859,  for  the  navy,  as  a  boat  or  field  marine  gun,  5^*^  **" 
and  is  termed  the  "  pinnae©  gun."    This  and  the  15-cwt.  gun  are  much  igga'^'^g . 
alike  in  appearance,  but  differ  in  their  conatraction,  the  heavier  pattern  ^g^  p|  155,' 
being  stronger  in  every  respect ;  neither  of  them  shoot  oa  well  as  the 

L.S.  ao-fH-. 

It  is  now  nsed  on  the  upper  decks  of  iron  clad  abips  for  action  at  S  l^^- 
close  quarters  to  repulse  boarders,  for  firing  at  torpedo  boats,  &c,  and 
is  mounted  on  a  carriage  which  allows  20"  elevatiou  or  30°  depression. 
When  90  used  it  is  fitted  on  the  right  side  with  a  gun  metal  elevating 
plate,  and  steel  pivot  for  elevating  rack,  similar  to  that  used  witbheavy 
guns. 


12-pr.  gaa  at  8  owt.  cal.  3'  L.S.  and  S.S.,  and  consists  of  :- 
A  tube. 


12-pr.  B.B.L.  Oim,  S  cwr.    Scale  i  in.-l  foot. 


*  InterduDgMble  (or  all  SD-pn, 
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CHAT.  TU,  Iahubst  Siqhi  akd  Ento.    Scale  8  ins.  - 1  foot. 


ScsBW-BionT. 
Te^-fiecb,    8(»1«  U  iii.-l  foot.  Bubob-scrbw.    Sosle  U  in.^l  foot. 


Keporton 
OrdnAnoe, 
1868,  p.  166. 
§401. 

$829. 
§939. 
S82fl. 


This  was  recommended  in  1 858,  for  the  land  Bervice,  as  a  field  battery 
gnn,  and  subsequently  adopted  by  the  Davv,  as  a  boat  or  field  marine 
gun ;  but  the  naval  pattern  was  12  inches  snorter,  and  without  the  grip 
at  the  muzzle. 

In  1863,  an  uniTersal  pattern  was  introduced  for  both  services  the 
L.S.  pattern  b«ing  altered.  This  necessitated  a  leather  collar  as  a 
special  store,  for  the  vent  slot  was  widened  at  its  rear  part  to  take  a 
thicker  vcDt-piece,  causing  a  portion  of  the  breech-screw  thread  to 
project  behind.  The  leather  collar  can  be  pared  round  accordbg  aa  the 
breech-screw  face  wears  on  service. 
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The  calibre  of  the  9-pr.  gun  bein^  the  same  aa  this  gmi  it  can,  on  an    CHAP.  TU. 
emergeDcy,  uae  the  9-pr.  ammunition,  but  not  vice  versa,  the  12-pr. 
ammimitioiL  being  lunger  than  the  9-pr. 

9-pr.  gnu  of  6  owt.  cal.  3"  L.S.  and  S.S.  consists  of ;—  §  jjoB. 

A  tube. 
Breech-piece. 
Tninmon  ring,  and 
Three  coila. 

Ops.  B.B.L.  Gnu,  6  cWT.    Scale  1  in.-l  foot. 


TiaoiMt  SiOHT  AND  RiSO.    Scale  2  in.  — 1  foot. 


ViHI-PIBCE.    Scale  1  in.  —1  foot. 


Bbbech-SCBEW.    Scale  1  in,  — I  foot. 


Introduced  in  18G2,  for  the  Horse  Artillery.     The  navy  nse  it  in  5  474. 
some  cases  as  a  boat  or  field  marine  gnn.  §  5S9. 


OEAP.Tn. 

5906. 


IdS  KATDRES  OF  R3J»  OUKS. 

S-pz.  gnn  Of  3  owt  caL  2"  -  5  L3.  sad  S^  ooiwsts  <rf  :— 
A  tube. 
Breecb>piece. 
Tnumion  riu^,  uid 


OoecoiL 
6-PB.  R3.L.  GtrH,  3  c 


Sciti«|ii 


Turanr  SiOOt  jHB>  Bcia.    Scale  2  iii.=l  foot. 


Q_,^o„  HmomiDended  in  1858,  for  moontun  serrioe^  but,  aa  it  wae  conEidnTfid 

OrdDaace,        too  great  a  load  for  a  mule,  its  ose  is  restricted  to  colonial  batteries; 
186S,  p.  166.     the  navy  employ  it  as  a  boat  or  field  marine  goo,  where  not  replaced  by 

BJLL.  7-pre. 

Wedge  Ginrs. 
5^-  The  two  natures  of  wedge  gnna  introduced  in  1864.  vide  p.  81,  have 

Wedgo  Ouni.  ^j^g^  withdrawn  from  service  and  placed  in  reserve,  but  m  order  to 

show  the  wedge  system  of  breech-clowig  emjJoyed  with  them  the 

diagram  below  ia  given. 


NATURES  OF  B.BX.  OUKB. 
64-PIt.  X.B.L.  (Wkdsb}  Qun,  61 OWV.    Scale  |  in.  »1  foot. 


EiflBTira.    Scale  i  in.— 1  toot. 


These  pieces  were  built  tip  and  rifled  like  the  breech  Bcrerw  gnna,  bnt 
had  a  horizontal  instead  of  a  vertical  slot  cut  towards  the  breech  end  of 
the  piece,  and  the  breech  was  cloeed  b;  meana  of  a  ertoel  ttopper 
supported  by  an  iron  wtdge  eliding  in  behind  it. 

Upon  the  face  of  the  stopper  was  hung  a  tin  cup  to  make  the  joint 
gastight. 
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CHAPTER  Vlir. 

MANUFACTURE  OF  PRESENT  PATTERNS  OF  RJtlX.    CHAP.  vni. 

ORDNANCE. 


All  present  Pattern  Servloe  Onns  built  up  in  a  elTnllar  manner. — Conyerted 
guns  excepted. — Armstrong  or  original  construction. — Fniser  construction. — 
Advantages  of  latter  in  manufacture. — Ballding-  up  of  a  7-inoh  Woolwloli 
Ghin. — ^Steel  tube,  operation  of  toughening. — B  tube,  how  prepared. — ^Breech  coil 
or  jacket. — Different  parts  of. — Shrinking  the  seyeral  parts  together. — 8.inch  gun 
manufactured  as  7-inch. — DifEerence  in  construction  of  9-inch. — Of  10-inch  guns 
and  upwrads. — Of  80-ton  gun. — Construction  of  rifled  howitzers. — ^Manufacture  of 
64-pr.  guns. — Siege  pieces. — Construction  of  our  field  guns. — 7-pr.  steel  guns. — 
Processee  after  building-  up  and  before  Proof. — Forming  gas  escape. — 
Chamber  in  Woolwich  guns,  40-pr.  and  upwards. — Bifling. — ^Venting  for  proof. — 
Escamination  and  Proof. — Proof  charges  for  heavy  guns. — Prooesees  after 
Proof. — ^Lining. — Sighting. — Service  venting. — Marking  and  adjusting  fittings. — 
Fainting  and  final  issue. 


All  R.M.L.  pieces  of  the  patterns  now  being  manufactured  (except  Manufacture 
converted  guns)  are  built  up*  in  a  similar  manner.    That  is  to  say,  over  of  latest 
a  barrel  (or  A  tube)  of  steel  are  shrunk  a  certain  number  of  coils  or  pattern  R.M. 
other  pieces  of  wrought  iron  according  to  the  size  of  the  gun,  while  a  ^'  o^^*^*'®* 
cascable  is  screwed  into  the  end  of  the  coil  which  comes  over  the  breech 
end  of  the  tube  and  fitting  closely  against  the  solid  end  of  the  barrel) 
supports  it  firmly. 

In  25-pr.  guns  however  and  smaller  natures,  the  solid  end  of  the  Cascable 
steel  tube  projects  beyond  the  breech  end  of  the  jacket  and  is  turned  screws, 
down  to  a  cascable.     Such  guns  therefore  have  no  cascable  screw  and 
also  no  gas  escape.     Vide  p.  245. 

The  smallest  piece  we  manufacture — the  7-pr. — is  made  out  of  a 
single  block  of  steel  and  is  therefore  an  exception  to  the  above. 

Until  April   1867  all  our  rifled  M.L.  guns  were  built  up  like  the  BiffeiMuco 
B.L.  guns — of  wrought  iron  coils  shrunk  together  successively  on  Sir  between  the 
William  Armstrong's  original  plan.    The  plan  proposed  by  Mr.  R.  S.  "original" 
Fraser,  of  the  Royal  Gun  Factories,  was  then  adopted ;  but  manufacture  ^^^  present 
on  the  original  construction  did  not  cease  altogether  until  March  1868.    coJi^^^ruction. 

Mr.  Eraser's  plan  is,  as  stated  in  a  previous  chapter,  an  important  Fraier  con- 
modification  of  the  original  method,  from  which  it  differs  principally  in  struction. 


*  Guns  of  patterns  made  previous  to  1869  were  manufactured  on  the  Armstrong 
or  modified  Armstrong  coostruction,  vide  p.  28,  or  had  some  other  points  of 
difference.  The  details  of  their  construction,  showing  how  they  differ  from  the 
present  pattern,  are  given  in  Chapter  XI.,  and  are  shown  also  in  the  Plates  at  tho 
end  of  the  hook. 

(C.0.)  H 
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CHAP.  vni. 


Small  number 
of  pnrl9. 


fieduced  cost 
of  present  con- 
ttniction. 


"  Marks"  of 
guns  at 

E resent  manu- 
ictured. 


building  up  a  gun  of  a  few  large  and  comparatively  heavy  coils  instead 
of  several  short  ones  and  a  forged  breech-piece. 

For  example,  in  addition  to  the  steel  barrel  and  cascable,  a  "  Fraser  " 
12*5-inch  R.M.L.  gun  has  only  four  separate  parts,  viz.,  the  breech  coil 
or  jacket,  B  tube,  the  1  B  coil  and  breech-piece,  whereas  the  7-inch 
KM.L.  gun  of  original  construction  has  a  forged  breech-piece,  a  B  tube, 
a  trunnion  ring,  and  six  coils — nine  distinct  parts — which  are  shrunk  on 
separately  (see  Mark  I.,  Plate  IZ). 

The  formation  of  a  heavy  coil  is  a  simple  forge  operation,  but  great 
expense  is  saved  by  its  means,  as  there  is  much  less  surface  to  be  bored 
and  turned,  for  each  coil  having  to  be  made  as  smooth  as  possible, 
and  at  the  same  time  true  to  gauge  (to  a  thousandth  of  an  inch),  it 
follows  that  it  must  be  cheaper  to  have  a  few  thick  ones  in  lieu  of 
many  thin  ones.  For  the  same  reason  there  is  also  less  waste  of 
material ;  for  although  the  turnings  are  afterwards  worked  up  into  bars, 
iron  in  its  scrap  state  is  only  wortTi  one-third  of  its  forged  value. 

Moreover,  time  and  labour  are  also  saved  in  having  fewer  pieces  to 
move  from  workshop  to  workshop ;  for  instance,  in  the  case  of  a  gun 
of  original  construction,  when  a  coil  was  shrunk  on,  the  mass  had  to  be 
moved  from  the  shrinking  pit  to  the  turning  lathe,  and  turned  down 
for  the  next  coil,  and  so  on,  coil  by  coil,  until  the  gun  was  built  up ; 
but  in  the  Fraser  construction  only  two  or  three  separate  shrinkings  are 
required. 

From  the  circumstances,  combined  with  the  employment  of  cheaper 
iron,  a  Fraser  gun  can  be  made  more  cheaply  than  a  gun  of  the  same 
nature  as  originally  manufactured,  while  the  experiments  which  were 
carried  out  previous  to  the  introduction  of  this  construction  clearly  prove 
that  guns  of  this  pattern  are  at  least  quite  as  trustworthy  and  service- 
able as  those  of  the  original  pattern. 

Up  to  1869  Fraser  g^s  were  made  on  the  same  type  as  the  7-inch 
gun,  Mark  III.  Now,  however,  7-inch,*  9-inch  and  heavier  guns  have 
been  made  with  the  wrought  iron  over  the  breech  in  two  layers  of 
coils.  The  '^Mark"f  of  each  caUbre  of  gun  approved  for  future 
manufacture  is  as  follows,  viz.: — For  7- inch  guns,  Maik  IV.  8-inch, 
Mark  III. ;  7-inch  of  90  cwt.  Mark  I. ;  for  9-iuch  guns,  Mark  V. ;  for 
lOinch,^  11-inch,  and  12-inch,  (25-ton  guns,)  Markll. ;  and  for  12-inch, 
3d-ton  guns,  Mark  L;  12-5-inch  38  tons,  Mark  I.;  64-pr.  64  cwt., 
Mark  III.;  40-pr.  35  cwt.,  Mark  IL;  25-pr.  18  cwt.,  Mark  I. ;  16.pr. 
12  cwt.,  Mark  I. ;  9-pr.  8  cwt.,  Mark  II.;  9-pr.  6  cwt.,  Mark  II. ;  7-pr. 
steel  150 lbs.,  Mark  III.;  7-pr.  steel  200 lbs.,  Mark  IV. 


Details  of  Mannfactnre  of  Woolwich  OnnB. 


Manufacture 
of  a  heavy 
gun,  7-incb. 


We  will  now  proceed  to  the  details  of  the  construction  of  a  Woolwich 
gun,  and  will,  for  the  sake  of  convenience,  take  the  manufacture  of  a 
heavy  gim,  and,  as  a  good  example,  that  of  a  7  inch,  and  then  see  how 
the  manufacture  of  the  larger  and  smaller  natures  differs  slightly  from 
the  same. 


•  The  construction  of  the  8-inch  gun  still  remains  as  in  1869. 

t  In  NoTember  1867  the  word  "Mark"  was  substituted  for  "Pattern."     Bee 

1545. 

J  It  is  probable  that  a  new  pattern  will  shortly  be  adopted  for  10"  and  11 '  guns. 


MANUFAOTtJRt  OF  R.M.L.  QUXS.  163 

OHAP.  VIII, 

7-inch  Gun,  Mark  IV. 

This  gun  consists  of : — 

An  inner  barrel  or  tube  of  toughened  steel  (A  tube). 

A  B  tube. 

1  B  coil  or  belt. 

Breech-piece. 

C  coil  or  jacket. 

Cascable. 

Steel  tube. 


The  steel  for  ihe  tube  is  received  from  the  contractors  in  the  form  of  ^  t^l^^- 
a  solid  ingot,  which  is  rough  turned,  care  having  been  taken  to  fix  it 
truly  central  in  the  lathe  by  means  of  a  chuck  at  the  muzzle  and  the 
centre  at  the  breech.  In  this  operation  a  lip  or  collar  is  formed  at  the 
muzzle  to  facilitate  the  lifting  of  the  tube  in  and  out  of  the  furnace  and 
oil  bath ;  the  slice  for  testing  is  also  cut  off  the  breech  end  during  the 
rough  turning.  The  tube  remains  in  this  state  until  the  result  of 
the  required  tests  (which  are  described  in  Chapter  V.)  are  known. 
Should  the  ingot  not  be  rejected  the  manufacture  proceeds.  Rough  boriug 

The  block  is  next  bored  roughly  from  the  solid.  The  boring  head  is  and  turning, 
the  ordinary  shaped  ''talf-roimd  bit"  with  one  pointed  cutter  set 
angularly,  and  three  steel  burnishers.  After  this,  the  conical  chamber 
(which  is  in  all  Fraser  guns)  is  roughly  formed  by  means  of  a  cylindro- 
conoidal  head  with  one  long  cutter  and  six  steel  burnishers,  two  on  the 
taper  part  and  four  on  the  cylindrical  * 

The  tube  is  now  veady  for>taQ^BmmbBtgin  oil.  'TkAs  operation  consists  Toughening 
in  heating,  the  ruughly  l[K)ied*tttbe*  to  the  ^«fBpriJved  temperature  in  a  in  oil. 
vertical  furnace,  and  then  plunging  it  bodily  into  a  bath  of  rape  oil,  in 
which  it  is  allowed  to  cool. 

The  tube  is  lifted  by  a  crane,  and  placed  in  a  perpendicular  position 
in  an  upright  furnace;  an  iron  coil,  larger  in  diameter  than  the 
steel  tube,  is  placed  upon  the  fire  bars  at  the  bottom  of  the  furnace 
for  the  tube  to  rest  apon ;  beneath  this  iron  coil  is  placed  a  piece  of 
plate  iron,  to  prevent  the  cold  air  coming  in  contact  with  the  steel,  and  in 
order  to  obtain  an  uniform  temperature  at  the  extreme  end  of  the  steel 
tube  the  iron  coil  is  fiUed  with  wood  ashes. 

After  the  steel  has  acquired  the  proper  temperature  throughout,, 
the  crane  is  brought  over  the  furnace ;  the  cover  of  the  latter  is  removed,, 
and  the  block  of  steel  is  drawn  out  and  placed  in  a  large  Iron  tank 
full  of  oU.  The  heated  steel  sometimes  causes  the  surface  oil  to  take 
fire,  widch  is  extinguished  by  closing  the  covers  at  the  top  of  the  tank. 
The  tank  has  a  water  s[)aGe  around  it  through  which  a  supply  of  cold 
water  permeates  for  the  purpose  of  keeping,  the  oil  cool.f 

*  Rough  and  fine  boring,  forming  the  chamber,  and  broaching,  are  all  effected  in 
the  same  horizontal  machme,  the  dMercnce  being  in  the  shape  of  the  boring  head 
and  cutters. 

t  A  full  description  of  this  process  is  giren  in  "  The  Management  of  Steel "  by 
Iftr.  George  Ede  of  the  Royal  Gun  Factories. 

(C.0.)  M  2 
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CHAP.  VIII.      The  proceas  of  toug^hening  not  only  warps  the  steel  a  little,  but 

— --         sometimes  causes  the  surface  to  crack.    The  barrel  must  therefore  be 

tou*i*     It       slightly  turned  and  bored  to  make  it  straight  inside  and  outside,  as  well 

in  «1  as  to  remove  any  flaws  that  may  have  beeu  generated.     This  second 

boring  (performed  with  a  cylindrical  boring  head,  fitted  with  five  long 

edged  cutters  and  five  wood  bumialiers)  increaeos  the  diameter  to  6*6 

inches.     By  this  the  cracks   are   generally  removed,  but   lest   there 

should  be  any  dangerous  Saws  the  steel  barrel  is  subjected  to  the 

following  water  test : — 

Water  teat  The  tube  ha^-ing  been  recessed  on  the  face  for  a  gutta-percha  ring, 

•ft«r  toughen-  and  inside  the  muzzle  for  a  leather  cup,  is  fitted  with  these,  placed  in  a 

iog.  horizontal  hydraulic  press,  and  screwed  tightly  up  between  two  cast 

iron  heads  bj'  means  of  two  strong  wrought  iron  bars  extending  from 

head  to  head,  and  portions  of  which  are  threaded  and  furnished  with 

nuts,  worked  by  a  long  spanner.    The  tube  is  then  filled  with  water 

from  the  mun,  through  a  hole  in  the  head  and  the  leather  cup,  the  pipe 

of  the  press  fixed  into  the  hole,  and  the  pump  set  to  work  by  steam. 

The  pressure  on  the  interior  is  shown  by  two  indicators,  one  vertical  and 

one  Horizontal,  so  as  to  check  one  another     When  4  tons  per  square 

inch  is  indicated,  the  pressure  is  withdrawn,  and  if  no  flaw  has  oeen 

detected  by  moisture  on  the  exterior,  the  tube  is  considered  safe  and 

sound.     The  barrel  is  left  in  this  state  until  the  B  tube  is  ready  to  be 

shrunk  over  it. 

All  Bloel  tube*       The  steel  tubes  for  every  piece  built  up,  and  that  from  which  a  7-pr. 

trealed  alike,     jg  entirely  made  are  treated  in  exactly  the  same  manner,  except  as  to 

the  amount  of  pressure  applied. 


The  Sreeck  Piect. 


Breech  The  breech-plece  is  composed  of  two  single  coils  united  together  end 

piece.   _  for  end. 

Two  Mik  The  two  coils,  beiug  made  and  welded  in  the  usual  way,  they  are 

JJ^^*  faced  and  reciprocally  recessed,  and  then  united  together  endways  by 

^*^^'  expanding  the  faucet  of  one  coil  by  heat,  and  allowing  it  to  Mrinfc 

round  the  sfMgot  of  the  other.  This  fastens  the  two  coils  sufficiently 
together  to  admit  of  the  cylinder  thus  formed  being  placed  upright  in 
a  furnace,  whence,  when  it  arrives  at  a  white  or  welding  heat,  it  is 
removed  to  a  steam  hammer,  and  receives  on  its  end  sis  or  seven  blows 
which  weld  the  joint  completely.  The  rear  portion  of  that  coil  for  the 
breech  end  is  formed  of  a  thicker  section  of  bar,  so  that  after  welding, 
the  exterior  having  everywhere  been  hammered  to  the  same  diameter, 
there  may  be  sufficient  thickness  of  iron  in  the  interior  portion  atj>reech 
end  to  allow  for  the  formation  of  the  female  screw  for  the  cascable. 

The  breech-piece  is  next  rough  turned,  during  which  process  a  rim  is 
formed  on  its  exterior  for  the  convenience  of  lifting  the  tube  in 
"  shrinking."  After  this,  it  is  rough  and  fine  bored  in  the  same  horizon- 
tal machine,  and  a  female  thread  cut  in  the  breech  end  for  the  reception 
of  the  cascable  screw. 
Meajuring  The  interior  of  the  breech-piece  having  been  brought  to  the  degree  of 

interior  prior    gmootbuess  requisite  for  close  contact  with  the  sted  barrel,  is  gauged 
to  Bhiuibng.  ^ 
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every  12  inches  down  tie  bore.    To  the  meaaurementB  thns  obtained,  CHAP.  THI. 

the  calculated  amount  of  shrinkage  is  added ;  a  plan  is  then  made  out  

according  to  which  the  exterior  of  the  A  tube  (or  rather  that  portion  of 
it  on  which  the  breech-piece  is  to  go)  must  be  turned  down,  in  order 
that  it  shall  be  larger  lian  the  bore  of  the  tube  by  the  required  amount 
of  shrinkage  at  the  respective  parts. 

The  plan  (as  illustrated  by  the  annexed  drawing),  is  made  on  a  slip 
of  paper,  and  together  with  a  corresponding  series  of  accurately 
measured  horseshoe  gauges,  is  furnished  to  the  turner,  who  turns  down 
the  breech  end  of  the  A  tube  accordingly. 

Plak  of  a  Tube. 


1      i     1 


i      ) 


(   ■   I 


The  reason  an  inner  tube  is  turned  to  suit  an  exterior  one,  instead  of 
the  latter  being  bored  to  suit  the  former  is,  aa  previously  stated,  that 
it  is  much  easier  to  turn  than  to  bore  to  very  exact  dimensions,  on 
account  of  the  great  command  which  the  operator  has  over  the  turning 
lathe,  and  the  facility  he  has  of  testing  his  vrork  by  gauges,  and  cor- 
recting it  by  means  of  emery  powder  and  oil. 


The  1  B  coil  is  composed  of  a  thick  single  coil,  which  after  welding 
is  rough  turned.  It  is  then  rough  and  nne  bored,  gauged  every  12 
inches,  and  a  plan  made  out,  so  that  the  centre  portion  of  the  A  tube, 
and  the  .front  portion  of  the  breech  piece  may  be  turned  down 
accordingly. 

B  I'uhe. 
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CHAP.  Till.       The  B  tube  is  composed  of  two  single  and  slightly  taper  coils. 

These  coils  having  been  made  and  welded  in  the  usual  manner,  are 

united  endways  (vide  p.  108).  The  B  tube  so  formed  is  rough  turned, 
during  which  process  a  rim  is  formed  near  the  muzzle  end,  for  the  con- 
venience of  lifting  the  tube  in  shrinking.  After  this  it  is  rough  and 
fine  bored  in  the  same  horizontal  machine.  The  interior  is  gauged,  and 
a  plan  made  out  to  guide  the  workman  in  turidng  down  the  muzzle 
poi-tiou  of  A  tube,  and  the  front  of  the  1  B  coil. 


Jacket. 
Breech  coiL 


Trunnion- 
ring. 


The  Jacket* 

The  jacket  is  composed  of  a  breech  coil,  and  a  trunnion  ring,  made 
and  welded  together  as  follows: — 

The  breech  coil*  is  formed  of  a  single  coil,  and  in  order  to  weld  its 
folds,  it  is  placed  in  a  furnace  and  brought  to  a  welding  heat,  where- 
upon it  is  rapidly  transferred  to  a  powerful  hammer,  and  receives  a 
few  smart  blows  on  its  upper  end,  which  close  the  folds  longitudinally. 
A  mandrel  somewhat  larger  in  diameter  being  then  forced  down,  the 
coil  turned  on  its  side,  and  well  hammered  all  round  to  make  it  dense, 
and  also  to  weld  the  three  layers  together.  It  is  replaced  in  the  furnace 
for  about  four  hours,  and  the  same  process  repeated  at  the  breech  end, 
but  with  a  smaller  mandrel. 

When  cold,  the  ends  are  faced  and  the  coil  is  turned  down  at  the 
muzzle  end  to  form  a  shoulder  for  the  reception  of  the  trunnion  ring. 

The  trunnion  ring  is  made — as  described  at  p.  107  like  all  wrought 
iron  trunnion  rings,  namely,  of  slabs  of  iron  consecutively  welded  to- 
gether on  the  flattened  end  of  a  porter  bar,  and  gradually  formed  into 
a  ring  by  means  of,  first,  a  small  iron  wedge,  which  is  driven  through 
the  centre  and  punches  an  oval  hole,  'and  then  by  a  series  of  taper 
mandrels  increasing  in  size,  which  make  the  hole  sufficiently  large  and 
round.  The  trunnion  ring  has  to  be  heated  for  each  punching,  and  the 
occasion  is  utilized  to  hammer  the  trunnions  roughly  into  shape,  one  of 
them  being  in  continuation  of  the  porter  bar.  EJventually  the  ring  is  cut 
off  from  the  bar  by  means  of  strong  blunt  hatchets  of  steel  hammered 
through  it.    After  this  it  ia-rougUy  boved  oat.. 

The  Jacket  having  been  hniit  Tip  fnnMifrhDm  pi rrn  is  turned  in  a  very 
powerful  lathe 

It  being  impracticable  to  turn  down  the  trunnion  portion  in  a  lathe, 
it  is  slotted  smooth  in  a  self-acting  vertical  machine  with  a  double 
motion,  one  of  which  moves  the  jacket  round  for  a  fresh  cut  at  every 
stroke  of  the  tool  which  the  other  works  up  and  down  accordingly.! 

The  trunnions  themselves  have  yet  to  be  turned  down  to  shape ;  so 
the  jacket  has  to  be  moved  for  the  purpose  to  another  machine,  a  break 
lathe,  in  which  it  is  made  to  revolve  on  the  axis  of  the  trunnions  while 
the  cutters  act  on  their  surface. 

The  jacket  is  next  rough  and  fine  bored  in  a  machine  like  that  used 
for  the  B  tube,  but  m<M*e  powerful,  and  the  frooit  portion  is  recessed  to 
•M  over  the  rear  portion  oil  B  coil. 


*  The  jacket  is  often  termed  the  breech  coil  from  its  principal  portion,  when  it 
comes  immediately  oyer  steel  tube.  With  guns'  haying  a  coiled  breech-piece,  the 
jacket  is  termed  the  C  coiL 

t  Since  1874  the  tniaJBit.  sharidwt-  ol  lOfBafc  gipo.  and  upwards  hare  been 
icunded  off. 
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Building  vp  the  Gun,  or  shrinking  the  parts  together. 

Shrinking 

The  steel  barrel  and  breech  piece  being  prepared  for  one  another,  J^^  P^'  °^ 
as  described,  are  shrunk  together  in  this  manner: — Thebreech  piece  is  ((,™§J^ 
placed  on  &  grating,  and  heat«d  for  about  two  hours  by  means  of  a 
wood  fire,  for  which  the  tube  itself  forms  a  flue,  until  it  is  sufficiently 
expanded  to  drop  easily  over  the  breech  end  of  tlie  steel  barrel,  whicn 
is  placed  upright  in  a  pit  ready  to  receive  it.  The  breech  piece  is  then 
raised,  and  the  ashes,  &c.,  being  brushed  from  the  interior,  it  is  dropped 
over  the  steel  barrel  by  a  travelling  crane  overhead.  Daring  the 
pocess  of  shrinkiug,  a  stream  of  cold  water  is  fofced  up  the  st«el 
barrel,  to  keep  it  as  cool  as  possible. 

The  cascable  is  now  screwed  in 


The  cascable  is  made  of  the  best  scrap  iron.    It  is  first  forged  into 
an  obloDg  block,  then  turned  cylindrical,  and  a  bevel  thread  cut  on  it. 
The  outer  end  is  partially  turned,  and  a  hole  is  drilled  for  the  purpose  loop  or 
of  screwing  it  into  the  gun,  wbich  hole  is  Bubseijuentiy  enlarged  into  butwu. 
the  loop. 

In  the  case  of  the  35-ton  and  larger  guns,  and  with  B.M.L.  howitzers, 
the  outer  end  of  the  cascable  is  Lurned  into  a  plain  button. 

This  operation  of  screwing  in  the  cascable  requires  great  care,  for  gcrc^nc  in 
the  front  of  it  must  bear  evenly  against  the  end  of  the  stoel  barrel,  and  the  ascable 
in  order  that  this  may  be  the  case,  the  end  of  the  tube  is  smeared  with 
red  lead  and  the  cascable  screwed  in  tentatively,  then  uuscrewed  agiun, 
and  filed  down  on  the  promiuent  paits,  whidi  are  indicated  by  the 
presence  of  the  red  lead.  This  is  repeated  several  times,  until  the 
equal  distribution  of  the  lead  on  the  front  shows  that  it  bears  evenly 
agcdust  the  steel  barrel. 

At  this  stage,  one  round  of  thread  is  turned  olf  the  end  of  the  Gaaeeciipe 
cascable,  so  that  there  may  be  an  annular  space  there,  which  in  con- 
n^ion  with  a  channel  cut  along  the  cascable  and  across  the  thread, 
will  form  a  gas  escape,  or  tell-tale  hole,  in  case  the  steel  barrel  should 
split.  The  channel  is  about  gth  inch  broad,  and  extends  i^tb  inch 
b<;low  the  thread.  In  all  guns  made  before  the  1st  September  1869, 
the  channel  comes  out  directly  under  the  loop ;  but  in  guns  made  since 
that  date,  it  will  be  found  at  the  right  side,  where  it  may  be  more 
easily  noticed.  The  channel  ought  to  be  kept  clear,  and  should  the 
barrel  split,  gas  would  be  seen  issuing  from  the  hole ;  it  is  therefore 
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CHAP.  nil.  advisable.  Id  case  there  sbould  be  any  suHpicion  concenung  tbe  ^n,  to 
keep  an  eye  on  thia  hole,  and  to  cease  firing  should  it  give  warniDg. 

When  at  length  the  cascable  fits  properly,  it  is  finally  screwed  in, 
and  to  prevent  its  moving,  a  hole  2i  mches  long,  and  }  inch  in  diameter 
is  drilled  and  tapped  through  the  orcech-piece,  and  into  the  caacable 
iu  a  slanting  direction  on  tbe  left  side,  and  a  plug  is  screwed  in  to 
prevent  any  chance  of  the  latter  turning  round. 

The  A  tube  and  breech-piece  thus  ^uiink  up  are  placed  in  a  lathe, 
and  the  front  portion  of  tbe  breech  piece,  and  the  centre  portion  of  the 
A  tube  are  turned  for  the  reception  of  the  1  .£  coil.  The  half  formed 
gun  being  nest  placed,  standing  on  its  breech  end  in  the  shrinking  pit, 
ike  1  B  coil  is  heated  and  shru^  on  in  the  same  manner. 

The  muzzle  portion  of  the  A  tube  and  front  portion  of  the  1  J?  coil 
liaving  been  turned  for  the  reception  of  the  B  tube,  that  tube  is  now 
shrunk  on. 

During  the  process  of  shrinking,  a  stream  of  cold  water  is  poured 
into  the  steel  barrel,  lo  keep  it  as  cool  as  possible,  the  water  being 
supplied  and  withdrawn  by  a  pipe  and  siphon  at  the  muzzle.  A  ring  of 
gas  or  a  heated  cylinder  is  placed  round  the  muzzle  or  thin  end  of  tbe 
B  tube,  to  prevent  its  cooling  prematurely,  whilst  a  jet  of  cold  water 
plays  on  the  other  end,  which  it  is  desirable  should  grip  first ;  were 
both  ends  allowed  to  contract  simultaneously,  the  mtermediate  part  of 
the  tube  would  be  drawn  out  to  a  state  of  longitudinal  tension,  and 
weakened  accordingly. 

The  partially  formed  gun  having  now  a  complete  layer  of  coils  over 


ila  steel  tube  is  removed  to  the  workshops,  and  its  exterior  is  turned 
for  the  reception  of  the  jacket. 

Having  been  replaced  on  its  muzzle  end  in  the  shrinking  pit,  the 
jacket  is  heated  for  about  10  hours,  and  shrunk  on  in  the  same  manner. 
as  the  B  tube ;  the  jacket  is  however  (being  nearly  of  the  same  thick- 
ness throughout),  allowed  to  cool  naturally,  and  to  keep  the  interior 
cool,  cold  water  has  to  be  forced  up,  into  the  bore  of  the  gun  by  a  jet 
found  which  the  muzzle  rests. 

8-lnch  Gim,  Mark  III. 

Consists  of  same  parts  as  the  64-pr.,  Mark  III.,  (vide  p.  172). 

9-incb,  Marks  IV.  and  V.* 

Consists  of ; — 

A  tube  (toughened  steel). 

B  tube. 

Coiled  breech-piece. 

Jacket  (Ccoil). 

Cascable. 
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T^e  A  tube  is  prepared  up  to  the  point  of  shrinking,  as  ah-eady  CHAP.  VII  r. 
described.  

The  coiled  breech^piece  consists  of  two  coils  united,  and  being  finish 
bored,  and  a  thread  cut  in  the  bi-eech  end  for  the  cascable,  is  shrunk  on 
the  A  tube,  after  which  a  shoulder  is  formed  on  its  muzzle  end. 

The  B  tube  is  manufactured  like  that  already  described,  except  that  a 
recess  with  a  hook  is  cut  in  the  breech  end  for  the  purpose  of  joining 
it  to  the  coiled  breech-piece. 

The  cascable  is  screwed  in  before  the  C  coil  is  shrunk  on  in  this  and 
all  guns  of  similar  construction,  the  cascable  thus  gaining  the  advantage 
of  compression  due  to  shrinking. 

For  these  9-inch  guns,  and  for  all  heavier  natures,  the  rifling  &c.  of 
the  piece  is  completed  before  the  jacket  is  put  on,  before  the  gun  is 
made  too  heavy  to  be  moved  from  one  workshop,  or  machine,  to 
another  without  inconvenience. 

2he  C  coil  or  jacket  is  composed  of  a  breech  coil,  trunnion  ring,  and 
muzzle  coil  welded  together,  and  being  finish  Dored  and  turned,  is 
shrunk  on  over  the  coiled  breech-piece. 

The  remainder  of  the  operations  are  similar  to  those  for  a  7-inch 
gun. 

7-inch  Gun,  90  cwt:^  Mark  I. 

Consists  of  much  the  same  parts  as  the  9-inch  gun,  Mark  Y.,*  described 
below,  viz. : — 

A  tube  (toughened  steel). 

B  tube. 

Coiled  breech-piece. 

Jacket  (C  coil). 

Cascable. 

Only  a  few  of  these  guns  have  been  manufactured  as  new  guns,  but  a  Reduction  of 
considerable  number  have  been  made  by  reduction  from  the  7-inch  S.S.  7-inch  6t-ton 
gun  of  61  tons,  vide  p.  gune  to  90 

In  both  cases  the  jacket  is  made  of  a  single  coil  and  a  trunnion  ring,  ^^' 
but  in  the  reduced  guns  the  breech-piece  is  a  part  of  the  old  jacket 
which  remains  after  removing  the  trunnions  and  turning  off  the  outer 
portion. 

In  the  new  guns  of  this  nature,  on  the  other  hand,  the  breech-piece 
consists  of  two  coils  united. 

With  reference  to  the  reduction  of  these  guns  from  7"  of  6J  tons,  it  Remoring  the 
may  be  noted  that  it  is  not  easy  to  get  the  cascable  out  of  the  latter.    In  old  oaecablc. 
order  to  do  so  advantage  is  taken  of  the  expansion  of  the  breech-piece 
during  the  process  of  shrinking  on  the  new  jacket. 

10-in6h  gun,  Mark  II.,  anc?  higher  natures  of  those  manvfactured 
since  1869,  up  to  the  80-ton  GuUy 
Consists  of : —  ' 

A  tube  (toughened  steel). 

B  tube. 

1  B  coil  (belt): 

Coiled  breech-piece. 

Jacket  (C  coil).   • 

Cascable. 


*  The  reduced  7-inch  B.M.L.  is  described  here  as  it  oonsiBts  of  similar  parts  to  the 
9-inch  B.M.L. 
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Ring  coils. 


The  mannfactore  of  these  gana  is  similar  to  that  of  7-ioch,  Maik  IV., 
except  that  as  before  mentioned,  these  guns  are  rifled,  &c.  before  the 
jacket  is  shrunk  on,  to  save  the  labour  of  shifting  the  whole  weight 
from  one  machine  to  another. 

In  making  the  Ocoil  (or  jacket)  of  such  gons,  in  addition,  a  very 
short  muzzle  coil  (technically  called  a  ^*  ring  oul")  is  placed  inside  the 
trunnion  ring  and  upon  the  end  of  the  breech  coil  and  welded  with 
these  two  latter. 


2  B  coil. 
l^ooU. 
if  tube. 
Ccoil. 


Cascable. 


The  16-inch  R.M.L.  Qnn  of  80  Tons. 

This  gun  consists  of: — 

A  tube  (toughened  steel). 

B  tube. 

2  B  coil  (in  continuation  of  B  tube). 

1  B  coil  (or  belt). 

Coiled  breech-piece. 

Jacket  (Ccoil). 

Gascable, 

Its  manufacture  is  similar  to  that  of  the  10«inch,  Mark  II,  and 
upwards,  except  in  the  following  particulars : — 

The  first  layer  of  tubes  shrunk  over  the  steel  barrel  consists  of  four 
instead  of  three  pieces,  on  account  of  the  great  length  of  the  gun,  an 
additional  tube  called  the  2  jBcoil  being  placed  between  the  1 B  coil  or 
belt  and  the  B  tube. 

As  the  C  coil  or  jacket  is  of  very  massive  proportions,  it  is  thus 
constructed :  —Four  single  coils  are  prepared  from  bars  of  large  section 
and  two  joined  together  to  form  a  tube  which  is  turned ;  the  other  two 
are  then  shrunk  over  it,  and  the  whole  welded  into  one  mass. 

To  the  breech  coil  so  made,  the  trunnion  ring  and  short  muzzle  or 
ring  coil  is  added  as  usual,  and  then  all  are  welded  together  into  the 
scdid  jacket.  The  section  of  the  bar  from  which  the  coils  mentioned  are 
made,  and  the  proportions  altogether  are  so  large  that  the  mode  of 
constructing  the  breech  coil  by  shrinking  one  tube  over  another,  as 
described.  hsLS  been  adopted  botli  to  ensure  a  fairly  homogeneous  mass 
and  for  convenience  of  manufacture. 

The  remainder  of  the  manufacturmg  operations  with  this  piece  prior 
to  proof  are  similar  to  those  described  in  the  case  of  smaller  guns. 

The  cascable  will  probably  terminate  in  a  plain  button  for  L.S.  like 
that  of  the  38-ton  gun,  but  a  hole  will  be  bored  in  the  direction  of 
the  axis  of  the  cascable,  and  threaded  for  the  reception  of  a  strong 
screw  bolt  and  shackle,  the  latter  may  be  used  in  lifting  the  gun,  and 
afterwards  removed  so  that  the  total  length  of  the  gun  may  be  as  small 
as  possible. 

The  80-ton  gun  is  the  heaviest  gun  which  we  have  as  yet  made, 
though  there  appears  no  manufacturing  reason  why  guns  of  twice  or 
four  times  its  size  and  weight  should  not  be  made  in  the  same  manner 
and  of  equal  comparative  strength. 


Construction  of  Natures  bklow  7-iNcn. 

Construction         w^e  will  now  take  in  detail  the  construction  of  R.M.Ij.  pieces  which 
thim  T^-iofh      *^®  lig^^ter  than  the  7-inch,  and  of  patterns  now  bemg  made. 
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10-inch  Rifled  MX.  Howitzer  of  6  tons  (Experimental). 

The  10-inch  howitzer  consists  of : — 

A  tube  (toughened  steel). 
Coiled  breech-piece  and  li  tube. 
Jacket,  {C  coil). 
Cascable. 

The  construction  of  this  piece  is  slightly  exceptional,  for  the  coiled 
breech-piece  and  that  part  which  in  most  guns  is  termed  the  B  tube, 
are  united  together  before  being  shrunk  on  to  the  steel  barrel,  and  so 
form  a  single  tube  which  extends  from  breech  to  muzzle. 

This  mcde  of  construction  is  adopted  for  convenience  in  manufac- 
ture, the  two  coils  of  which  this  breech-piece  and  chase  are  made 
being  short  and  comparatively  thick  coils. 

The  A  tube  being  prepared,  the  coiled  breech-piece  is  finished  bored,  A  tube, 
the  thread  for  cascable  screw  cut,  and  a  shoulder  left  for  a  corres- 
ponding shoulder  on  the  steel  tube  to  abut  against. 

The  coiled  breech-piece  and  JB  tube  (in  one)  are  shrunk  on  to  the  Coiled  breech- 
A  tube,  and  the  cascable  fitted  and  screwed  in,  a  gas  channel  being  piece  and 
formed  in  the  usuid  manner.  ^  tube. 

The  exterior  is  next  turned  down  for  the  reception  of  the  jacket,  two 
shoulders  being  left,  one  a  little  in  front  of  the  trunnions,  and  the  other 
towards  the  breech  end. 

The  jacket  or  C  coil  is  made  of  one  single  coil  and  a  trunnion  ring,  c  coil, 
manufactured  and  welded  together  as  usual,  and  then  shrunk  on  from 
the  breech  end  It  hooks  over  the  two  shoulders  left  on  the  coiled 
breech-piece,  so  binding  the  gun  together  more  firmly  in  a  longitudinal 
direction.  This  and  the  remainder  of  the  operations  are  similar  to  those 
described  in  the  case  of  the  7-inch  gun. 

The  cascable  terminates  in  a  plain  button  having  no  loop.  Cascable. 


8-inch  Rifled  M.L.  Howitzer  of  46  cwt.,  Mark  L 

This  piece  consists  of : — 

A  tube  (toughened  steel). 
B  tube. 
•  Jacket. 
Cascable. 

It  is  built  up  and  completed  in  a  similar  manner  as  the  7-inch  gun,  Breeoh  coil. 
Mark  IV.  described  in  Chapter  VII. 

In  turning  down  the  A  tube  a  shoulder  is  left  over  which  the  B  tube  a  tube, 
hooks  when  shrunk  on.  B  tube. 

The  cascable  has  no  loop,  but  terminates  in  a  plain  button.  Cascable. 

6-34nch  Rifled  M.L.  Howitzer  of  18  cwt. 

In  construction  this  howitzer  exactly  resembles  the  8-inch  already  Construction 
described,  and  it  consists  of  the  same  number  of  parts. 
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St6el  barrel. 
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The  64-pr.  Rifled  M.L.  Gun,  Mark  III. 


This  gun  consists  of : — 

A  tube  (toughened  steel). 

B  tube. 

Jacket. 

Cascable. 

The  jacket  consists  of  a  double  coil,  a  trunnion  ring  and  a  single 
coil  welded  together.  The  B  tube  is  fir^t  shrunk  over  the  muzzle  end 
of  the  steel  tube,  the  jacket  fitting  directly  over  the  A  tube  and  rear 
portion  of  B  tube,  which  is  cut  away  for  the  purpose. 

Guns  of  this  nature  made  since  April  1871  have  solid  ended  steel 
tubes.  Before  that  date  64-pr  guns  had  wrought  iron  tubes  as  ex- 
plained in  remarks  on  different  natures,  p.  262. 


The  40.pr.  Rifled  M.L.  Gun  of  36  cwt,  L.S.  Mav*k  II. 

This  gun  consists  of : — 

A  tube  (toughened  steel). 

B  tube. 

B  coil. 

Jacket. 

Cascable. 

In  construction  this  gun  differs  from  the  64-pr.  in  having  an  addi- 
tional B  coil  between  the  jacket  and  B  tube ;  this  mode  of  construction 
is  adopted  as  the  B  tube  would  be  inconvenient  to  manufacture  were  it 
sufficiently  long  to  extend  from  the  muzzle  to  the  jacket,  as  that  part  of 
the  exterior  is  naturally  rather  thin  in  a  gun  of  this  size. 


Cascable. 


A  tube  before 
tempering. 


The  25. pr.  Rifled  M.L,  Gun  of  18  cwt  L.S.  Mark  I. 

This  gun  consists  of : — 

A  tube  (toughened  steel). 

B  coil. 

Jacket. 

This  gun  has  no  B  tube  nor  cascable  screw,  and  so  stands  midway 
in  construction  between  the  heavier  guns  and  oup  field  pieces,  the  chase 
consisting  m  part  of  the  steel  tube  unstrengenthed  and  the  cascable 
being  turned  down  from  the  projecting  breech  end  of  the  steel  barrel 
itself. 

Before  tempering  the  inner  tube  of  steel  a  hole  1  inch  diameter  and 
some  inches  deep  is  bored  in  its  solid  end  (so  as  to  reach  within  about 
2^  inches  of  the  bottom  of  the  bore),  in  order  to  obviate  any  chance  of 
its  splitting  at  that  part  during  the  operation  of  toughening.  This  hole 
is  subsequently  filled  in  by  a  screw  plug  when  the  tube  has  been 
toughened  and  proved. 


le.pr.  Rifled  M.L.  Gmi  of  12  cwt  L.S.  Mark  I. 

This  gun  consists  of : — 

A  tube  (toughened  steel). 
Jacket. 
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This  giin  consists  of  two  parts  only,  viz.,  a  toughened  steel  tube,  and  CHAP.  V.II. 

a  jacket,  composed  of  two  single  coils  and  a  trunnion  ring  welded         

together. 

The  cascable  is  cut  out  of  the  sohd  end  of  the  steel  tube,  as  in  the 
25-pr.,  and  the  chase  of  the  gun  for  a  distance  of  304  inches  from  the 
muzzle  is  entirely  of  steel,  the  tube  being  thicker  at  that  part. 

9-pr.  Rifled  MX.  Gun  of  8  cwt.  L.S.^  Mark  I. 

This  gun  consists  of : — 

A  tube  (toughened  steel). 
Jacket. 

This  gun  is  identical  in  construction  with  the  16-pr.,  except  that 
there  is  a  swell  at  the  muzzle  and  a  dispart  patch.  This  swell  is  cut 
out  of  the  solid  steel,  except  in  a  few  of  the  guns  first  made,  in  which 
it  consists  of  a  wrought  iron  ring  screwed  on.  Th^se  can  be  known  by 
the  small  fillet  which  runs  round  the  chase  where  the  iron  ring  ends. 


9-pr.  Rifled  M.L.  Oun  of  8  cwt.,  8.8.^  Mark  II. 

This  gun  is  constructed  in  exactly  the  same  manner  and  of  the  same 
parts  as  the  9-pr.  R.M.L.  gun  of  8  cwt.,  L.S.,  Mark  I.,  except  that  there 
is  no  swell  on  the  muzzle. 


The  9.pr.  Rifled  M.L.  Gun  of  6  cwt.,  8.8.,  Mark  I. 

This  gun  is  identical  in  construction  with  the  16-pr.,  and  differs  from 
the  9-pr.  of  8  cwt.  only  in  weight  and  length,  and  in  having  no  swell  at 
the  muzzle. 


9.pr.  Rifled  M.L.  Gun  of  6  cwt.  L.8.,  Mark  II. 

In  construction  this  gun  is  similar  to  the  9-pr.  of  8  cwt.,  L.S.,  Mark  I. 
It  is,  however,  both  lighter  and  longer,  the  bore  being  of  greater  length 
than  that  of  the  latter  piece  by  2^  inches. 

It  has  a  swell  on  the  muzzle  and  a  dispart  patch. 


The  7-pr.  Rifled  M.L.  Gun  (steel)  of  150  lbs.  L.8.,  Mark  III. 

This  gun  is  made  out  of  a  solid  block  of  steel  (see  Plate  I),  rough 
bored  and  shaped,  then  toughened  in  oil,  and  afterwards  finished  in  the 
usual  manner. 


7-pr.  Rifled  M.L.  (steel)  of  200  Ibs.^  L.8.  and  S.8., 

Mark  IV. 

Like  the  7-pr.  of  150  lbs.  weight,  this  gun  is  made  out  of  a  single 
block  of  steel,  which  has,  however,  no  projection  at  the  muzzle  like  the 
block  for  the  former,  but  only  a  slight  patch  to  be  formed  into  a  dispart 
patch  subsequently. 


174 


MANTTFACTURE  OF  K.KX.  GUNS. 


CHAP.  vin. 


Processes  before  Proof. 

Processes  We  now  come  to  the  various  processes  wliich  the  7-inch  gun  we 

before  proof,     have  taken  as  a  type  undergoes  after  it  has  been  built  up  and  before  it 

has  been  proved  with  the  modification  necessary  in  the  case  of  other 

guns.    The  following  are  the  operations : — 

(1.)  Engraving  the  Royal  cypher. 

(2.)  Fine  boring. 

(3.)  Second  rough  cutting  of  chamber. 

(4.)  Finished  boring. 

(5.)  Broaching  of  bore,  and  finisliing  of  chamber. 

(6.)  Lapping. 

(7.)  Rifling. 

(8.)  Temporary  ventmg. 

8-inch  and  ^  ^^^  <^^^^  ^^  ^^^  8-inch  and  smaller  guns,  all  of  these  processes  are 

smaller  pieces,  performed,  as  stated  above,  after  the  gun  is  completely  built  up ;  but 
9-inch  and  ynth  9-inch  and  higher  natures  they  are  carried  out  before  shrinking  on 
upwards.  the  jacket,  with  the  exception,  of  course,  of  the  temporary  venting,  and 

engraving  the  royal  cypher.  We  thus  avoid  having  to  move  about 
from  one  machine  to  another  during  these  processes  so  heavy  a  mass  as 
would  otherwise  be  the  caee. 


EngraTing. 


Fine  and 
finish  boring. 

Chambering. 


Shoulder  on 
A  tubes. 


Why  neces- 
sary. 


(1.)  Her  Majesty's  monogram  is  engraved  in  front  of  the  vent.  In 
the  case  of  the  6" '3  and  8"  howitzers,  the  monogram  is  cut  on  upper 
surface  of  chase,  to  avoid  interfering  with  the  elevating  plane,  the  out- 
line being  marked  on  the  gun  by  means  of  a  perforated  brass  plate, 
rubbed  over  with  charcoal. 

(2.)  The  gun  is  next  removed  to  the  boring  mill,  where  it  is  fine 
bored  to  6"-9. 

(3.)  The  chamber  at  the  bottom  of  the  bore  is  next  roughly  bored 
out  with  the  same  boring  head  as  before.  In  the  case,  however,  of 
guns  having  enlarged  powder  chambers  as  in  the  80-ton  gun  and  in  the 
new  13-pr.  field  pieces,  a  different  nature  of  tool  is  required  for  the 
operation. 

In  all  R3I.L.  guns,  40-pr.  and  upwards  and  also  in  the  8-inch  and 
6'3-inch  howitzers,  the  end  of  the  bore  has  a  conical  chamber  to  allow 
of  a  shoulder  (as  shown  belowj  being  cut  on  the  outside  of  the  steel 
tube,  which  abutting  against  tne  coiled  breech-piece  helps  to  distribute 
the  longitudinal  strain  over  the  latter. 

With  the  present  construction  this  shoulder  is  required,  because  the 
layer  of  iron  next  the  tube  being  a  coil,  it  would  be  necessary,  in  order 
to  retain  the  same  diameter  of  cascable  as  that  used  with  guns  having 
forged  breech-pieces,  to  make  the  interior  of  the  whole  coil  much  smaller 
than  is  now  required,  and  afterwards  to  bore  out  a  large  portion  of  it 
for  the  reception  of  the  steel  tube.  This  would  cause  a  considerable 
waste  of  labour  and  material,  consequently  in  these  guns  the  cascable 
screw  is  made  considerably  larger  in  diameter,  that  is  of  nearly  the 
same  diameter  as  the  exterior  of  the  tube,  leaving  only  a  small  shoulder 
about  half  an  inch  broad. 
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The  cutting  of  this  shoulder  weakens  the  steel  tube  at  that  part,  as  eHAP.  VTIT. 
shown  by  dotted  lines  "  a  b"  ^     


In  guns  of  the  original  construction,  viz., 

7-inch,  of  6^  tons,  Mark  I. 
7       „      7 
•8       „      9 
9       „     12 
12       „     25 


79 


99 


this  shoulder  was  not  necessaiy,  as  they  had  forged  breech-pieces,  and 
the  diameter  of  the  cascable  screw  was  made  about  equal  to  the  calibre 
of  the  gun  (see  7-inch  gun,  Mark  I,  Plate  IX),  thus  affording  a  strong 
shoulder  in  the  breech  piece  against  which  the  end  of  the  A  tube  abuts, 
thereby  reducing  the  strain  on  the  thread  of  the  cascable  screw. 

In  the  25-pr.  and  smaller  natures  the  bottom  of  the  bore  is  merely 
rounded  off,  as  such  a  shoulder  is  not  required,  for  these  guns  have  no 
cascable  screws,  the  A  tube  projecting  at  the  breech  end,  and  the  steel 
tube,  which  is  thicker  at  the  chase  than  breech  end,  has  a  large  shoulder 
abutting  against  a  recess  cut  in  the  jacket  and  B  coil,  so  as  to  take  the 
longitudinal  thrust. 

(5.)  The  finished  boring  to  6"'997  is  then  performed. 

The  fine  boring  and  the  finished  boring  are  effected  with  the  boring 
head  used  in  the  second  rough  boring. 

(6.)  In  each  boring  the  cutters  wear  a  little  dming  the  operation,  so  FiniBh  boring, 
that  the  bore  becomes  slightly  taper  towards  the  breech.  This  is  of  no 
conseqnence  in  an  outer  tube,  as  the  exterior  of  the  inner  one  can  be  Broaching, 
turned  accordingly,  but  the  bore  of  the  gun  must  be  truly  (cylindrical, 
so  broaching  is  employed ;  that  is,  boring  the  barrel  by  means  of  a 
cylindro-conoidal  head,  fitted  with  four  long  cutters, at  right  angles  to 
one  another,  and  slightly  tapering.  The  cutters  are  edged  on  the  front 
as  well  as  on  the  side,  as  the  chamber  is  also  finished  off  at  this  time, 
and  for  this  latter  purpose  there  is  also  a  centre  cutter  for  the  end  of 
the  bore. 

(7.)  In  order  to  make  the  bore  absolutely  true,  lapping  must  be  finally  IJapping. 
resorted  to,  the  bore  being  at  the  same  time  brought  up  to  its  correct 
diameter  of  7  inches.  In  this  operation  no  cutter  is  used,  bulr  a  wooden 
head,  covered  with  lead  and  smeared  over  with  emery  powder  and  oil, 
is  worked  up  and  down  those  portions  of  the  bore  which  are  indicated 
by  the  gauges  as  imperfect. 

(8.)  The  g^in  is  now  taken  to  the  rifling  machine,  and  the  grooves  Rifling, 
cut  as  described  at  p.  114,  the  form  of  groove  depending,  of  course,  on 
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Number  of 
grooTCs. 


CHAP.  Vin,  the  nature  of  the  piece.    With  Woolwich  rifling  the  grooves  commence 

about  an  inch  lower  down  the  bore  than  the  rear  stud  of  projectile 

reaches  when  home,  and  they  are  so  arranged  that  the  two  grooves 
nearest  the  vent  are  at  equal  distances  from  the  latter. 

The  number  of  the  grooves  varies.  With  7-inch  guns  and  all  lower 
natures  only  three  grooves  are  used,  with  8-inch  four,  9-inch  six,  10-inch 
seven,  1 1  -inch,  12-inch  1 2'5-inch  nine.  In  the  case  of  polygrooved  guns, 
the  number  of  grooves  varies  from  10  in  the  13-pr.  to  about  33  in 
the  80-ton  gun. 

For  studded  projectiles  the  depth  varies  from  O'^'l  in  the  smaller 
pieces  to  0"'2  in  10-inch  guns  and  upwards,  and  the  width  from  0"*6  in 
the  7-pr.  to  l"-5  in  the  heaviest  g^s.  For  rotating  g^  checks  the 
depth  is  from  -05  in  13-pr.  to  '1  in  16-inch  gun,  and  0*5  to  1  inch  in 
width  respectively. 

Grooves  are  widened  at  the  muzzle  in  10-inch  guns  and  upwards,  in 
order  to  facilitate  loadmg,  the  loading  side  being  cut  away  to  a  breadth 
of  2^",  tapering  down  to  the  ordinary  width  at  2"  from  the  muzzle. 
This  change  was  introduced  in  October,  1871. 

Accordmg  to  order  dated  15/1/76,  in  all  R.M.L.  guns,  10-inch  and 
upwards,  of  future  manufacture,  and  in  guns  of  these  natures  which 

f)ass  through  the  Royal  Gun  Factories  for  repair,  the  splay  of  the 
oading  sides  of  the  ^ooves  will  be  increased,  so  as  to  remove  nearly 
the  whole  of  the  lands  at  the  muzzle,  in  order  to  facilitate  the  entrance 
of  the  projectile  into  the  bore.  The  angle  of  splay  varies  slightly  for 
each  nature  of  the  gun ;  that  for  the  12"'5  gun  of  38  ton  is  shown  in  the 
diagram  below. 


Depth  of 
groove. 

Width  of 
grooTcs. 

Splay  of 
grooves. 


Chamber. 


BeU- 
inouthing. 


A  similar  splay  is  given  in  the  R.M.L.  howitzers. 

As  a  rule,  about  two  calibres  in  length  is  left  plain  or  unrifled  for  a 
powder  chamber.  The  unrifled  part  should  be  as  long  as  possible,  for 
grooving  tends  to  weaken  the  barrel. 

All  10"  guns  and  upwards  of  future  manufacture,  as  well  as  those 
passing  through  the  department,  have  a  conical  portion  formed  at 
muzzle  end  of  bore  for  a  distance  of  1-5  inches  to  facUitate  loading. 
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CHAP.  viir. 


FULL      dl'ZC. 


(9.)  Previous  to  the  23rd  January,  1868,  rifled  M.L.  guns  were  left  Venting, 
un vented  until  after  proof,  at  which  they  were  fired  by  means  of  electric 
wires  passed  in  at  the  muzzle.  Since  that  date,  all  guns  are  drilled  and 
tapped  before  proof,*  and  fired  through  a  removable  cone  vent,t  which 
is  unscrewed  after  proof  and  replaced  by  the  permanent  vent ;  the 
object  of  this  is  to  prevent  the  proper  vent  being  strained  by  the  large 
proof  charge. 

The  cone  of  this  removable  vent  is  about  0"'025  smaller  than  the  Proof  vcnL 
service  pattern,  but  after  proof  the  cone  in  the  gun  is  broached  out  to 
the  proper  size. 

The  gun  is  now  ready  for  examination  and  proof. 


Examination  and  Proof. 

All  guns  are  minutely  examined  before  proof,  and  gutta-percha  im- 
pressions are  taken  of  the  whole  length  of  the  bore  in  four  quarters. 
The  bore  of  all  guns  of  9-inch  calibro  and  upwards  is  also  accurately 
gauged  every  three  inches. 

The  object  of  testing  a  gun  before  issue  is  to  make  quite  sure  that 
it  is  strong  enough  to  bear  not  only  the  strain  caused  by  firing  the 


Outta-p3rclia 
impressions 
taken  before 
proof,  and 
bore  gauged. 

Object  of 
testing  a  gun. 


*  As  to  position  of  yent  and  nature  of  bush,  ride  pp.  48,  50. 
t  Except  the  7-prs.,  which  are  proyed  with  their  seryioe  vent. 


(c.o.) 


178 


KANUFAOTUBX  07  BJf JL«  GUNS. 


Proof.  I 
Light  guns. 

HeaTy  guns. 


CHAP.  vm.  ordinary  charg'es,  but  also  any  nnnsual  strain  which  can  possibly  occur 

caused  with  service  projectiles  and  charges. 

For  this  purpose  the  smaller  natures  are  proved  by  firing  two  rounds 
of  li  the  highest  service  charge  and  the  service  projectile.* 

With  guns  above  the  8-inch  however,  the  proof  consists  of  one  round, 
with  battering  charge  and  two  rounds  of  proof  charges  which  differ 
for  each  gun,  but  are  always  less  than  1^  the  highest  service  charge. 
This  is  done  because  when  the  powder  charge  becomes  very  large,  a 
pressure  upon  small  increase  of  powder  gives  a  considerable  increase  of 
comparatively  the  chamber  of  the  gun. 

The  proof  of  guns,  9-inch  and  upwards,  firing  Pebble  powder  or 
cubical  powder,  consists  of  one  round  with  battering  charge  and  two 
with  proof  charges ;  all  with  service  weight  of  shot. 

The  following  are  the  charges  for  proof  of  9-inch  g^ns  and  upwards, 


Proof  chargea. 


VIZ. : — 


Water  t«»t. 
Object. 


ImprcBsions 
aft«r  proof 
compared 
with  those 
taken  before. 


Further  test 
if  necessarj. 

Impressions 
of  ilcfccts. 


Proof. 


Battering. 


88-ton  gun 

35 

25 

18 

12 


n 


Ibfl.  Powder.  lbs.  Powder. 

180  P  at  30  c.  in.  to  lb.     160  P  at  30  c  in.  to  lb. 
115  P.^  110  P.^ 

95    „  I    Service  85  „  I    Service 

75    ,,  f  ramming.  70  „  Tramming. 

58    „J  60 


After  proof  rifled  M.L.  guns  are  tested  by  having  water  force  pumped 
into  the  bore,  the  pressure  being  120  lbs.  on  the  square  inch.  This 
test  was  instituted  for  guns  with  wrought  iron  barrels,  having  loose 
ends  to  ascertain  that  the  breech  was  perfectly  closed,  for  which  purpose 
it  is  still  used  with  the  converted  guns.  It  is  also  continued  in  guns 
having  solid  ended  steel  barrels,  to  make  sure  that  the  end  has  not 
been  split  at  proof. 

Gutta  percha  impressions  of  the  bore  are  taken  after  proof,  and  the 
bores  of  heavy  M.L.  guns  are  again  gauged.  The  impressions  taken 
after  proof  are  compared  with  those  taken  previously  to  ascertain 
whether  any  defect  of  a  serious  character  has  been  developed,  and 
whether  slight  ones  have  perceptibly  increased.  If  such  should  appear 
to  be  the  case,  the  gun  is  subjected  to  five  more  rounds  with  service 
charges,  and  if  after  that  the  defect  appears  unimportant  the  gun  is 
passed. 

The  impressions  of  any  such  defects,  however,  are  cut  off,  and  the 
position  in  the  gun  marked  on  the  back,  after  which  tliey  are  registered 
ajid  preserved  for  future  reference. 

In  addition  to  comparing  the  impressions,  the  expansion  of  the  bore 
at  the  seat  of  the  charge  is  ascertained  by  comparing  the  gangings 
before  and  after  proof.  This  expansion  seldom  exceeds  a  few  thou- 
sandths of  an  inch,  but  it  may  be  greater  in  guns  having  coiled  barrels. 

Should  the  gun  pass  proof  it  is  now  to  be  prepared  for  actual  issue 
by  fitting  with  vent,  sights,  kc 

It  has  therefore  to  undergo  the  processes  undermentioned. 


ProcesAOf 

after  proof. 


Procuf^a  afitf  Proof  aad  btfarfi  Issue, 
(i.S  Obtaiiiii)g  pnepoodecaiice'siid  weigbt. 


(1.)  Lapping. 
(2.)  Obtaiiu 
(3.)  Linmg 


*  64-pr.  Mark  III.  (with  steel  tubes)  iriH  be  proved  irx^h  15  lbs.  powder  and 
901bt.  projectiley  to  ooTor  »  charge  of  12  lbs.  which  msj  be  ezceptienally  used. 
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(4.)  Sighting.  CHAP.  VHI. 

(6.)  Ventiug.  — 

(6.)  Marking,  and  the  '^  marks  "  denoting  pattern. 
(7.)  Fixing  on  elevating  plates  and  small  fittmgs,  sloping  sides  of 

and  completing  cascable,  cutting  planes  on  piece,  &c« 
(8.)  Painting  and  lacquering,  and  final  inspection. 

All  the  above  processes,  except  the  last,  are  performed  in  the  same 
workshop  (the  sighting  room),  and  generally,  but  not  necessarily,  in 
the  exact  order  given. 

(1.)  Every  gun  is  lapped  after  proof,  for  the  purpose  of  removing  Lapping, 
any  little  burs  which  may  be  thrown  up  on  the  edges  of  the  grooves 
by  the  heavy  proof  rounds. 

(2.)  "  Preponderance,"  means  the  pressure  which  the  breech  portion,  prepon- 
when  the  gun  is  horizontal,  exerts  on  the  elevating  arrangement.  donmoe. 

To  ascertain  its  amount,  the  gun  is  supported  at  the  trunnions  by 
steel  bars  placed  beneath  them,  and  is  brought  horizontal  by  means 
of  long  handspikes  in  the  bore.  A  Kitchener's  weighing  machine  (hke 
that  ordinarily  used  at  railways  for  weighing  luggage)  is  then  placed 
imder  the  breech,  and  a  block  of  wood  fixed  upon  it,  touching  the  gun 
imdemeath  midway  between  the  elevating  points.  The  handspikes 
being  then  removed  from  the  bore,  the  pressure  on  the  block  is  in- 
dicated on  the  arm  of  tiie  machine,  and  gives  the  preponderance  of  the 
gun. 

Up  to  1869  the  preponderance  of  7-inch  guns  was  about  8  cwt.,of  8-inch 
4  cwt.,  and  of  9-inch  5  cwt. ;  since  that  date,  however,  9-inch  guns  and 
upwards  have  been  made  without  any  preponderance,  anything  under 
8  cwt.  being  considered  nil.  With  smaller  natures  it  differs,  the  amount 
for  each  piece  is  given  in  Table,  p.  291. 

The  actual  weight  of  each  gun  is  taken  by  means  of  a  strong  steel-  Actoalwaight. 
yard  to  the  short  arm  of  which  the  gun  is  slung  by  the  trunnions.    But 
with  very  heavy  guns  the  finished  portions,  t.€.,  the  jacket,  &c.,  are 
weighed  before  they   are  shrunk  togeUier,  and  the  total  weight  is 
obtained  thus  with  sufficient  approximation. 

(8.)  The  object  of  lining  is  to  enable  the  sights  and  elevating  plates  Lining  and 
to  be  adjusted.     The  line  of  metal  is  the  &rBt  line  required,  and  is  iighting. 
obtained  as  in  cast  iron  guns,  by  finding  the  axis  of  the  gun  and  a  line  j^j^  ^  m^taL 
in  the  same  vertical  plane  along  the  top  of  the  gun,  but  the  process  is 
much  more  accurate.    The  gun  is  placed  on  a  horizontal  iron  table, 
and  being  levelled  across  the  trunnions  and  along  the  bore,  is  carefully, 
scotched  up. 

Instead  of  using  a'  wooden  batten  to  find  the  axis,  a  centring  block, 
capable  of  being  pressed  out  so  as  to  fit  tightly  in  the  bore,  is  pushed 
home  to  the  breech  end.  From  tibe  very  centre  of  this  block,  a  silk 
thread  is  extended  through  a  plate  on  the  muzzle  to  an  iron  upright 
(plumbed)  stand,  some  feet  in  m>nt  of  the  gun,  which  is  furnished  with 
a  plumb  line,  so  that  it  can  be  adjusted  to  hd  truly  veriioaL  The  stand 
is  moved  to  the  right  or  left  midil  the  thread  possee  through  the  centre 
point  on  the  muzzle  plate. 

A  "  breech  gauge,"  provided  with  a  rertical  slide,  baving  been  fixed 
horizontally  on  the  cascable,  another  silk  thread  is  •stretched  from  the 
stand  to  the  bree<di  sHde  so  as  to  pass  through  a  point  in  tiie  muzzle 
plate  in  the  same  vertical  plane  as  the  lower  thread,  and  just  high 
enough  to  dear  ihe  breech  of  the  gun.  This  gives  the  position  of  the 
line  of  metal,  which  is  marked  for  about  1^  inch  in  length  at  the  extreme 
end  of  the  cylindrical  part  of  the  breech. 

Vertical  and  horizontal  lines  are  marked  on  the  face  of  the  muzzle  Vortical  and 
along  slots  in  the  plate,  and  short  honaontal  lines  are  also  marked  on  horisontal 
(c.o.)  M  2  ^^' 
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CHAP.  VIII. 


DrOling  for 
sights. 


Tangent 
tight6. 


Centre  hind 
sights. 

Socket  holes 
for  trunnion 
sights. 


Fitting 
sockets. 


Trunnion 
sight  sockets. 
Adjustment. 


Venting. 


8-inch 
under 

9^ch  and 
upwards. 


the  right  side  of  the  muzzle,  and  on  both  sides  of  the  breech,  by  means 
of  a  scribing  block,  the  moveable  arm  of  which  is  adjusted  to  the 
horizontal  slot,  the  block  resting  on  the  table.  These  lines  are  useful 
for  the  purpose  of  adjusting  the  sights,  elevating  plates,  &c. 

On  the  right  trunnion  vertical  and  horizontal  Imes  are  also  cut,  except 
in  25-prs.  and  smaller  natures.  The  vertical  line  on  the  right  trunnion 
enables  the  gun  to  be  laid  point  blank  (or  brought  horizontal)  at  any 
time  without  the  aid  of  sights,  while  the  horizontal  line  on  the  right 
trunnion  is  for  use  when  firing  at  angles  of  depression. 

(4.)  The  gun  is  placed  under  a  radial  drilling  machine.  The  breech 
gauge  and  muzzle  plate  (the  same  as  used  for  lining)  are  then  attached^ 
and  the  gun  is  levelled  to  the  angle  at  which  the  tangent  sights  are  to 
be  inclined  to  the  left,  as  the  machine  drills  vertically.  This  brings  the 
right  sight  higher  than  the  left,  and  the  right  tangent  sight  socket 
nearer  the  vertical  axis  than  the  left.  Two  silk  threads  are  stretched 
at  one  side  of  the  gun  from  the  breech  gauge  to  the  muzzle  plate,  and 
at  the  width  of  the  socket  apart.  The  given  distance  of  the  tangent 
sight  socket  from  the  line  of  metal  being  ascertained  (by  a  gauge),  the 
arm  of  the  machine  is  brought  over  the  spot  and  the  hole  drilled  com- 
pletely through  the  breech  so  as  to  allow  of  the  water  and  turnings  in 
the  after  processes  to  escape.*  The  drills,  &c.,  work  between  the 
threads  which  answer  as  a  check. 

In  subsequent  bormgs  the  drills  are  not  carried  through.  This  opera- 
tion is  repeated  on  the  other  side. 

The  comers  of  the  sight  recesses  are  rounded  off  |th  inch,  to  prevent 
any  injury  to  the  thin  edge  when  moving  the  gun. 

The  hole  for  the  centre  hind  sight  is  drilled  in  the  same  way  and  at 
the  same  angle,  but  only  of  sufficient  depth  to  admit  of  the  sight. 

For  the  trunnion  sights  the  holes  are  drilled  in  a  similar  manner,  but 
as  they  are  not  to  be  inclined  at  an  angle  the  gun  must  be  previously 
relevelled  with  the  trunnions  horizontal ;  the  distance  from  the  centre 
of  the  tangent  sight  holes  to  the  centre  of  the  trunnion  sight  holes  isf 
accurately  measured  (by  a  gauge)  according  to  the  radius  at  which  the 
gun  is  to  be  sighted. 

The  bearing  for  the  tangent  sights  in  the  metal  of  the  gun  being 
long  and  liable  to  rust,  gun  metal  sockets  are  fitted  in  by  hand  and 
afterwards  fixed  by  side  screws.  There  is  also  a  gun  metal  socket  and 
clamping  screw  for  the  centre  hind  sight. 

For  the  drop  trunnion  sights,  vide  p.  188,  gun  metal  sockets  are  fixed 
in  the  bottom  of  the  hole.  These  sockets  are  carefully  adjusted  by 
means  of  gauges,  &c.,  until  a  pattern  drop  sight  fits  into  them  accurately. 
This  adjustment  corrects  any  slight  error  due  to  boring  or  otherwise, 
of  the  socket  hole,  and  as  the  sockets  are  fixtures  in  the  gun,  it  is 
ensured  that  any  drop  sight  will  answer  with  them  when  they  have 
been  so  adjusted. 

Ill  the  howitzers,  16-pr.  and  smaller  guns,  the  holes  for  the  screw 
ti-unnion  sights  or  fore  sight  are  bored  and  threaded. 

(5.)  The  drilling  and  tapping  of  the  hole  for  vent  bush  has  already 
been  completed,  as  described,  p.  177,  for  the  temporary  vent  used  at 
proof.  All  that  remains  is  to  rime  out  the  cone  to  the  proper  size,  and 
to  vent  the  gun  with  the  service  bush. 

Guns  below  the  9-inch  are  vented  in  a  similar  manner  to  S.B.  ord- 
nance as  far  as  the  operation  of  venting  is  concerned,  vide  p.  60,  but 
with  the  9 -inch  and  upwards  the  bush  is  screwed  in  after  the  cone  has 

*  With  35-ton  guna  and  upwards,  the  rertical  hole  for  the  sight  is  drilled  only  to  a 
depth  of  about  an  inch  greater  than  tlie  length  of  the  tangent  bar.  From  the  bottom 
of  this  hole  a  channel  is  bored  to  the  interior,  haying  a  slight  slope  downwards. 
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been  cut  to  about  the  proper  length  in  a  lathe.    An  impression  is  then  OHAP.  VIII, 

taken  in  the  bore  and  the  amount  of  projection  marked  on  the  part  of         

ihe  bush  in  the  bore.  The  bush  is  screwed  out,  the  bottom  of  cone 
turned  off  as  far  as  necessary  and  the  operation  repeated.  When 
finished  the  bush  projects  in  the  bore  about  0"'075* 

f  6.)  In  addition  to  the  marks  made  in  lining  and  the  Royal  cypher  Marking, 
beiore  mentioned,  the  broad-arrow  and  actual  weight  are  stamped  in  g^^j  of  tangent 
front  of  the  vent,  and  the  angle  of  set  of  tangent  scale  is  also  stamped  sights, 
on  the  gun.t 

With  9-inch  guns  and  upwards  the  letter  D  is  also  stamped  in  front  Letter  D. 
of  the  socket  when  the  latter  has  been  deepened  for  the  lengthened 
centre  hind  sight  (vide  p.  187). 

Two  parallel  lines  are  cut  across  the  vent  field  to  indicate  the  un- 
lifled  space.  That  in  front  of  the  vent  denotes  the  end  of  the  rif  ing, 
and  that  in  the  rear  of  the  vent  the  end  of  bore.  These  lines  enable 
us  to  mark  the  sponge  or  rammer  staves  for  the  exact  distance  from 
the  muzzle  to  the  end  of  bore  or  rifling,  and  show  us  size  of  powder 
chamber,  when  the  end  of  the  rifling  is  used  as  stop  for  projectile  (vide 
p.  46). 

Lines  are  also  cut  on  the  top  of  the  gun  to  denote  the  position,  of  Centre  of 
the  centre  of  gravity  and  the  point  at  which  the  sling  must  be  placed  gravity. 
in  order  to  take  half  the  weight,  the  gun  being  at  the  same  time  slung  Half  weight 
at  the  cascable.J  ^^®* 

The  material  of  the  inner  barrel  (for  example  Firth's  steel)  is 
stamped  on  the  face  of  the  muzzle,  as  is  also  the  number  of  the  barrel 
as  entered  in  the  registry  of  manufacture. 

On  the  left  trunnion  are§ — ^the  initials  R.G.P., 
or  otherwise  of  the  factory  where  the  piece  was 
made,  the  register  number  of  the  gui^,  the  numeral 
signifying  its  pattern,  and  the  year  of  proof. 
The  register  number  is  that  by  which  the  gun  is 
registered  in  the  department  records ;  it  indicates 
also  the  number  of  that  nature  manufactured. 

Those  64-prs.  which  fire  101b  charges,  as  well        \^  g  ^  %jX      ^^^  ^*^* 
as  7-inch  and  upwards  (except  the  L.S.  7 -inch  of 
7  tons),  have  a  heel  scale  on  the  cascable  for  use  with  the  Wood  scale  for 

*  At  present  the  reventing  of  these  guns  is  performed  as  described  at  p.  315,  with 
the  tools  issued  for  the  purpose,  the  part  projecting  into  the  bore  being  cut  off  by  a 
knife  as  unth  S.B. 

t  AH  guns  made,  or  which  hare  passed  through  the  department  after  24/6/76,  will 
be  found  with  this  angle  marked,  but  others  are  without  it. 
X  See  §  1936,  List  of  Changes,  1st  September,  1870. 

Only  8-inch  guns  and  upwards  are  marked  with  the  lines  indicating  centre  of  gravity 
and  half  weight ;  and  as  some  of  the  following  natures  haye  been  issued  without  these 
lines  the  respectiye  distances  are  giren  :~- 

pittance  of  Centre       DiAtance  of  Half 
Natuxe  of  Oan.  of  Gravity  from  Weight  from 

Muzzle.  Muzzle. 

^*  M.L.  guns,    9  tons,  Mark  I.        .  • 

„  „        Mark  II.       .  • 

„  „        Mark  III.     . . 

9^'  M.L.  guns,  12  tons,  Mark  I. 

„  ,,        Mark  II.       .  • 

„  „        Mark  III.     •  • 

„  „        Mark  IV. 

„  „        Mark  Y. 

10"'  M  L.  guns,  18  tons,  Mark  I. 

„  „        Mark  II. 

§  Except  with  7-prs.,  where  these  are  found  on  the  right  trunnion. 


86-45  .. 

..  86-4 

87-85  . . 

..  89-2 

87-75  .. 

..  890 

90  -55  . . 

..  84-1 

90-5   .. 

..  84  0 

90-9   .. 

..  84-8 

90-55  .. 

..  84-1 

90-585  .. 

. .  84  17 

109-75  .. 

..  49  5 

109-55  .. 

..  48-85 
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/CHAP.  Tm. 
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S.S.,  as  described  at  p.  195.  This  scale  is  marked  by  means  of  a  template, 
and  then  cut  by  hand. 

(7.)  Screw  holes  have  to  be  bored  for  the  screws  which  secure  the 
different  fittings  to  the  gun,  index  plates,  g^uide  plates,  &c.,  according  to 
the  nature  of  the  piece. 

The  positions  for  such  are  carefully  obtained,  by  means  of  accurate 
gauges,  from  the  lines  already  marked  on  the  gun. 

The  position  of  the  gun  metal  plates  for  the  elevating  racks  being 
measured,  and  the  holes  drilled  and  tapped  by  hand,  the  plates  are 
firmly  attached  to  the  gun  by  means  of  a  screw  at  each  corner.  They 
are  also  marked  with  the  number  of  gun  to  which  they  have  been 
adjusted. 

Until  November  1871  many  guns,  7- inch  to  9-inch,  were  furnished 
with  two  studs  screwed  into  the  face  of  the  muzzle,  for  supporting  the 
shot  bearer  during  the  process  of  loading.  At  the  above  date,  however, 
they  were  abolished ;  such  guns  are  provided  with  preserving  screws 
for  these  holes. 

All  heavy  L.S.  guns  are  drilled  and  tapped  for  the  guide  plate  and 
ftiction-tube  pin,  the  holes  being  filled  by  preserving  screws  ;  thus  these 
gxaiB  can  be  made  available  for  sea  service  should  occasion  require. 

The  preserving  screws  in  the  friction-tube  pin  holes  also  answer 
the  purpose  of  indicating  the  position  of  the  vent  by  the  touch,  during 
night  firing. 

To  bring  the  cascable  to  the  approved  shape,  its  sides  are  sloped 
towards  the  rear,  except  when  it  ends  with  a  button. 

In  25-prs.  and  smaller  natures  the  cascable  is  slotted  for  reception  of 
head  of  elevating  screw. 

To  prevent  the  handspikes  slipping  when  working  the  gun,  the  breech 
was  formerly  scored  underneath  at  each  side.  This  is  no  longer 
required,  as  heavy  guns  are  now  elevated  by  means  of  elevating 
racks. 

9-inch  guns  and  upwards  must  also  be  prepared  for  index  plates  and 
muzzle  derricks. 

8d-ton  L.S.  guns,  are  also  prepared  for  the  trunnion  studs,  described 
at  p.    . 

On  Howitzers,  the  elevating  plane  is  cut  by  hand,  and  the  two 
levelling  planes  by  means  of  a  small  planing  machine. 

(8.)  The  exterior  of  the  gun  being  well  cleaned,  receives  one  coat  of 
Pulford's  magnetic  paint,  and  the  bore  is  lacquered.  This  only  applies 
to  25-pr.  guns  and  upwards;  16-pr.  and  smaller  natures  are  browned 
(vide  p.    )  and  the  bore  left  unlacquered. 

The  gun  having  been  inspected,  and  found  in  exact  accordance  with 
the  sealed  pattern,  is  now  ready  to  be  issued  for  service ;  and  when  it 
has  been  provided  with  the  fittings  described  in  the  next  Chapter  it 
is  issued  by  the  I1.6.F.  to  the  Commissary  General  of  Ordnance, 
Woolwich,  complete. 
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CHAPTER  IX. 

SIGHTS,   FITTINGS,   AND    STORES    OF   IIM.L.         ohap.ix. 

ORDNANCE. 


Sig'hts. — Six  umd  with  64-pr.  and  upwards. — Four  with  smaUer  natures,  except 
9-prs.  and  7-pr8.,  which  hare  only  two. — Speoial  Sig'htfli. — Other  means  used  for 
obtaimng  eleyation  and  direction. — Tangent  Siffhta. — ^Various  natures. — Differ- 
ence between  L.S.  and  S.S. — Centre  hind  sights. — Kew  pattern  for  9-inch  guns 
and  upwards. — Trunnion  sights  and  centre  fore  sights. — Drop  pattern. — Screw. — 
Turret  sights. — ^MoncriefE  sights  of  two  descriptions. — Chase  sights,  when  used.— 
Wood  scales. — Index  plates  and  readers. — Clinometer. — Quadrant. — ^Experimental 
hanging  scales. 

Vittlnffs  and  Small  Stores. — ^Bearers  for  shot. — ^Brackets. — Clamps. — Derricks. — 
Ghiide  plates. — Piyot  pieces  and  eleyating  plates. — ^Prickers. — Trunnion  studs. — 
Wrenches. — ^Table  showing  different  marks  or  patterns  of  tangent  and  fore  sights 
for  Heayy  guns,  Medium,  Siege,  Field,  and  Boat  or  Mountain  guns. — Table  of 
wood  scales. — Table  of  fittings  and  small  stores. 


Sights.* 

64-pr.  gnus  and  upwards  have  six  sights,  ue,  two  tangent  sights  or  siehts. 

side  sights,  one  centre  hind  sight,  and  three  fore  or  trunnion  sights.  64-pr.' 

The  trunnion  sight  used  in  conjunction  with  the  centre  hind  sight  is  upwards, 
usually  termed  the  "  centre  fore  sight." 

The  40-pr.,  25-pr.,  and  16-pr.  have  two  side  or  tangent  sights  and  40.pr.  and 

two  trunnion  sights ;  while  the  9-prs.  and  7-prs.,  are  central  sighted  under, 
only,  having  one  hind  sight  and  a  small  screw  fore  sight  on  the  muzzle. 

All  the  fore  sights  are  of  the  drop  pattern  (p.  188  ),  except  in  the  case  Fore  sights, 
of  the  16,  9,  and  7  prs.,  with  which  screw  fore  sights  of  different 
patterns  are  used. 

With  the  rifled  8-inch  and  6*3-inch  howitzer  exceptional  sights  are  Exceptional 

employed.  sights. 

Special  Sights. 

Besides  the  ordinary  sights  named  above,  we  shall  find  that  with  Spedal  sights, 
certain  guns  spedal  sights  are  used  at  times.    These  are : — 


*  By  order  dated  W.O.  21/12/76,  any  sights  passing  through  the  department  apd 
altered  hut  not  brought  up  to  the  latest  eeaUd  pattern^  are  to  hare  the  numeral  of  the 
mark  to  which  they  are  assimilated  stamped  alter  the  numeral  of  their  original  mark, 
thus,  I.  (IV.). 
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CHAP.  EC. 


f 


1.)  Turret  sights. 
2.)  Moncrieff  „ 
(3.)  Chase         ,, 


In  addition  to  sights  which  can  be  used  both  for  laying  and  giving 
elevation  to  a  gun,  the  foUowiog  arrangements  are  sometimes  employed 
for  giving  elevation  only,  viz. : — 

(4.)  Wood  scales. 

(5.)  Index  plates  and  readers. 

(6.)  Clinometers  or  quadrants. 

Again,  guns  are  sometimes  laid  as  to  line  of  fire  alone  by  the 
following* : — 

(7.)  Hanging  scales  for  howitzers  and  siege  guns. 
(8.)  Graduated  arcs  on  racers  used  in  conjimction 
with  the  index  plates. 


Hind  righte. 


Hind  Sights. 

An  hind  sights,  whether  side  or  centre,  must  be  inclined  at  a  certain 
angle  as  explaned  in  Chapter  II.,  or  else  have  some  other  arrangement 
by  which  to  make  up  for  permanent  deflection,  as  in  the  howitzers, 
where  a  long  deflection  leaf  is  employed ;  but  the  fore  sights  are  always 
put  in  vertically. 

We  have  already  seen  (p.  180)  how  guns  are  prepared  for  these 
sights,  and  how  the  sockets,  &c.  are  fitted ;  we  can  now,  therefore,  go 
on  to  the  description  of  the  sights  themselves  and  to  the  details 
of  the  different  patterns  in  the  service. 


Tangent, 
sight. 

Slow  motion 
Bcrew. 


DeptJi  of 
notch. 


Cbnduations. 


(h'dinary  Service  Sights. 

(a.)  Tangent  Sights. 

The  tangent  or  side  sights  for  heavy  guns  consist  of  a  rectangular 
steel  bar  rounded  off  on  two  sides  and  having  a  gun  metal  head,  in 
which  slides  a  gun  metal  leaf. 

Excepting  LS,  sights  made  before  1871,  which  have  a  slow  motion 
screw  for  giving  minutes  of  elevation,  as  with  smaller  pieces,  these 
sights  have  a  plain  head. 

For  S.S.  sights  the  slow  motion  screw  has  never  been  employed. 

The  notch  in  the  deflection  leaf  through  which  the  sight  is  taken  is 
now  0"'15  deep  ;t  it  was  formerly  0"*06,  the  depth  of  notch  still  used  for 
siege  and  field  guns. 

The  diagram,  ii,  p.  185,  represents  the  description  of  tangent  sight^  now 
employed  with  heavy  guns  and  also  64-pr.  guns,  except  64-pr.  siege 
guns,  which  have  L.S.  slow  motion  screw,  &c. 

The  graduations  of  the  several  faces  differ  in  the  several  guns  and 
also  in  the  different  marks  or  patterns,  as  shown  in  pp.  212,  225,  and 
explained  in  notes  to  the  same. 


*  The  Collimator  deecribed  in  Manual  of  Artillery  Exercises,  p.  90,  is  practically 
obsolete. 

t  The  object  of  making  the  notch  deeper,  and  of  doing  away  with  the  slow  motion 
screw  in  the  case  of  L.S.  sights  for  heayy  guns,  was  to  make  them  interchangeable 
with  S.S.  sights. 

X  With  tiie  88-ton  gtm  sights,  howerer,  both  the  LJ9.  shallow  notdi  and  slow 
motion  screw  are  rein^txlnced.  For  S.S.,  these  sights  would  not  be  used,  such  guns 
being  mounted  in  turrets,  and  tiierefore  the  question  of  interchangeabihty  between 
L.S.  and  S.S.  does  not  arise,  as  in  the  case  of  sighte  for  other  heavy  guns. 
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Types  of  TANasNT  Soalbs.    Scale  i. 

A  BO 

lO-inch  Gun.  40-Pr.  7-Pr.  L.S.  and  S.S. 


OHAP.  IX. 


ms. 


iL 


a. 


«_ 


v> 


For  64-pr.  guns  with  steel  tubes,  and  smaller  guns  down  to  the  9-pr  Sirm,  and 
(t.e.,  all  siege  and  field  guns  having  side  sights),  the  tangent  sights  under, 
consist  of  a  similar  steel  bar  with  ^m  metal  head  and  sliding' leaf  (B) ;  but 
in  these  a  slow  motion  screw  is  always  used,  and  the  notch  in  the  leaf  is 
only  0"'06  deep  as  already  mentioned. 

The  hind  sights  of  9-pr.  guns  consist  of  a  bar  of  steel,  which  for  L.S.  9-pr.  guns, 
has  a  cro88-h^  of  steel  and  a  sliding  gim  metal  leaf,  and  for  S.S.  is 
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7'pr.  guns. 

Long  and 
short  sights. 


Howitzer 
sights. 


C^aite  plain,  without  any  cross  head  or  leaf  for  deflection.  As  these 
Bights  are  graduated  for  the  long  radius — from  breech  to  muzzle — ^they 
have  no  slow  motion  screw  for  giving  minutes  of  elevation,  the  sights 
themselves  being  graduated  for  every  3  minutes. 

The  hind  sights  for  the  7-pr.  are  similar  to  those  of  the  9-pr.  S.S.  (Cy 

In  both  9-pr.  and  7-pr.  two  tangent  sights  are  provided,  one  long 
and  one  short.  The  long  sights  are  of  tempered  steel,  and  have  to  be 
employed  instead  of  the  short  sights  for  certain  elevations.  If  always 
in  the  gun,  they  would,  from  their  length,  be  very  liable  to  damage. 

The  short  sight  is  made  of  a  length  about  equal  to  the  thickness  of 
the  gun  at  the  breech. 

The  different  marks  or  patterns  of  the  tangent  sights  for  siege  and 
field  guns  are  given  at  pp.  220, 221. 

For  the  8-inch  and  6*3  inch  howitzers  one  tangent  sight  is  placed 
vertically  in  the  piece  and  provided  with  a  long  steel  cross-head  and 


SiaHT^  Tasoekt. 


Sight,  Muzzlb. 
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deflection  leaf.  It  is  used  for  short  ranges  in  conjunction  with  a  short 
screw  sight  on  the  trunnion  ring,  and  for  elevation  over  8°  with  a 
sight  secured  by  screws  near  the  muzzle,  as  shown  above. 
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When  under  cover  so  that  the  mark  to  be  hit  caimot  be  seen,  the    CHAP.  IX. 

howitzer  would  be  laid  as  to  elevation  by  the  quadrant  or  clinometer  

(vide  p.  199),  and  as  to  direction  by  the  hanging  scalea  described  at  p.  200. 


Centre  Hind  Sights.* 

A  centre  hind  sight  consists  of  a  hexagonal  bar  of  gun  metal,t  (Fig.  1)  Cent™  Mud 

which  has  a  plain  head  in  all  the  older  patterns,  and  also  in  tho  most  >'s'=t*' 

recent  for  8-iuch  guns  and  downwards ;  but  9-inch  g^ns  and  upwards  9-inch  gum 

will  for  the  future  be  provided  witli  lengthened  centre  hind  sights,  as  and  upwardi, 

in  (Fig.  2).    These  lengthened  sights  are  not  only  longer  but  have  also  lengthened 

a  gun  metal  head,  with  a  slidinj^  leaf  for  giving  deflection.  ^ghta.  "" 

Fia.  1. 


This  alteration  (introduced  In  1874)  was  adopted  for  those  heavier 
pieces  of  ordnance,  9-inch  and  above. J  which  at  2,000  yards  and  over 
would  be  formidable  against  iron  clads. 

These  new  sights  will  not  be  supplied  immediately  to  all  guns,  but   petpeninB 
the  latter  will  be  prepared  for  them  by  deepening  the  hole  for  Imid  sight.  holsB,  long 
Vide  p.  379,  Appendii,  for  this  operation,  for  list  of  tools  used,  and  for  centre  hind 
instructions  for  deepening  the  sockets  at  out  stations.    The  letter  D  is  •"g'"*- 
stamped  in  front  of  the  socket,  after  the  operation. 


■  Althongh  the  taogent  righta  emplo7«d  irith  9-pp.  and  ?-pT.  guns  txe  oenlrel,  ;Fet 
tlii>  term  aboTs  u  not  applied  to  them,  but  only  to  tba  centre  bind  tight  used  vrith 
the  64-pr.  gona  and  aptnudi,  vhich  hare  three  hind  mghta. 

t  With  12"  of  35  toiu  and  12"'5  of  38  ton*  the  eentte  hind  tight  ii  predtel;  tlie 
tune  aa  the  tide  tecgeiit  aight. 

X  Wh«i  thiM  gma  •>•  suniBted  behind  irao  (bUd<  it  b  not  bIwi^  pOMdbh  to  dm 


188  EJIJU  SiaHTS  AND  nXTINM. 

CnAP.  IX.  S-iB.  2. 


Trunnion  SighU,  Centre  Fore  and  Mtuzle  Sights, 

Tniofeion  With  64-pr.  R,M.L.  guns  and  npwardB,  which  all  have  3  rowB  oF 

eight)',  sighta,  two  trunnioD  sights  of  the  "  drop  "  pattern  are  employed,  and 

fii-pr.  Kid  Qj^Q  centre  tore  eight  of  the  same  pattern,  but  ahorter,* 

ujntBTi  .  The40  and  25-pr.  guns  having  but  two  rows  of  sights,  are  provided 

9^°'™  ^o™  with  two  "  drop  "  traimion  sights,  similar  to  those  already  mentioned. 

'  d  un-       '  These  foi-e  sights  are  termed  "  drop  sights  "  as  thoy  can  rea^y  be- 

^n]""  drom>ed  into  the   socket,  and    as  easily  removed.      The  sight  itself 

Tninnion  consists  of  a  piUar  and  collar  of  gun  metal,  a  small  steel  leaf,  aod  » 

iiiKliia,  40  and  screw  for  fixing  the  leaf. 

Drop  sight. 
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There  is  a  socket  of  ^tm  metal,  into  which  the  sight  is  secured  by 
'means  of  a  double  bayonet  joint.  This  socket  is  permanently  fixed  in 
$he  gun,  as  explained  at  p.  180,  and  adjusted  by  means  of  a  gauge  sight. 

To  remove  the  sight  the  collar  must  be  raised,  and  then  the  pillar 
moved  round  a  quarter  of  a  circle. 

As  the  plane  surfaces  of  the  socket  and  sight  can  be  very  accurately 
fitted,  these  sights  are  made  interchangeable  with  the  sight  leaves 
already  prepared.  This  is  not  the  case,  as  we  shall  see,  with  screw 
'fore  sights. 

With  the  16-pr.,  two  "screw"  trunnion  sights  are  employed,  being 
the  only  R.M.L.  gun  so  sighted. 

These  are  of  steel,  and  consist  of  a  pillar  of  steel  threaded  towards 
.the  lower  end,  and  furnished  with  a  steel  sight-leaf  secui'ed  to  the  top 
iof  the  pillar  by  means  of  a  small  screw. 


CHAP.  IX. 


Sockets. 

To  remove  » 
drop  eight. 


Screw  siglit*. 

Component 
parta. 


A 


w   w 

As  it  is  difficult  to  end  a  screw  thread  very  accurately,  these  sights  vHij  sparo 
tnust  be  carefidly  adjusted  in  each  case,  and  spare  sights  are  issued  ecrew 
with  rough  leaves.  trunnion 

R.M.L.  howitzers  and  guns  below  the  16-pr.  have  but  a  single,  f^g****  »^ 
•central  row  of  sights. 

In  the  9-pr.  L.S.  the  muzzle  sight  consists  of  a  small  sight,  screwed 
luto  a  recess  cut  into  the  projection  on  the  muzzle.* 


^Pr.,  Scwt.,  L.S. 


MuzzLB  Sights. 

B 

9-Pr,  S'cwt.,  S.S. 


9-Pr.,  6  cwt.,  S.S. 


Scale  i  size. 


With  reference  to  the  9-pr.  S.S.  of  8  cwt.,  and  the  7-pr.,  the  screw 
iiiuzzle  sight  resembles  the  tnmnion  sight  of  the  16-pr.,  but  the  leaf 
forms  an  integral  portion  of  the  sight. 


*  So  M  to  protect  the  sight  from  damage  when  the  gun  is  being  dismounted. 
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CHAP.  IX.        In  the  case  of  the  9-pr.  S.S.  of  6  cwt^  there  is  a  high  sight  fixed  on 

to  the  muzzle  by  three  screws,  as  is  the  case  also  with  the  8"  and  6"*3 

howitzers.    These  latter  ha^e  in  addition  a  snudl  screw  centre  fore-^ 
sight,  fixed  on  the  trunnion  ring. 
For  the  adjustment  of  rough  leaves  of  screw  sights,  vide  p.  812. 


SPECiiX  Sights  or  Means  of  adjttstikg  the  'Bleyahojx. 

1.  Turret  Sights. 

Guns  in  moveable  turrets  are  mounted  upon  carriages  moving  on 
fixed  slides,  so  that  direction  must  be  given  to  them  by  traversmg  the 
turret  itself,  which  is  furnished  with  means  of  obtainmg  the  correct 
line  of  sight. 

.  Each  turret  has  a  number  of  '^  man-holes,"  centre,  intermediate,  and 
slide  or  wing,  through  any  one  of  which  the  captain  of  the  turret  can 
raise  his  head  to  look  along  the  sights  and  lay  the  turret. 

For  each  man-hole  a  fore  sight  and  hind  sight*  are  so  adjusted  that  a 
vertical  plane  through  any  pair  of  sights  will  be  parallel  to  a  vertical 
plane  passing  through  the  axis  of  the  gun  and  slide.     When  the  hind 
A  set  of  sight  is  at  zero  and  the  ship  on  an  even  keel,  the  plane  passing  the 

•iglits  for  notch  of  the  hind  sight  and  the  top  of  the  fore  sight  is  a  horizontal 
each  man-  plane.  The  sights  are  also  of  suflScient  height  to  allow  of  the  line  of 
hole.  eight  clearing  the  edge  of  the  turret  when  the  hind  sight  is  at  its 

maximum  height.    A  second  set  of  sights  is  provided  for  considerable 
angles  of  heel. 

To  obviate  the  necessity  of  the  captain  of  the  turret  exposing  him- 
self to  the  enemy's  fire  while  laying  the  turret,  a  reflecting  arrangement 
has  been  fitted  to  the  wing  man-holes  of  some  turret  ships,  so  that  he 
can  direct  the  traversing  and  obtain  the  proper  fine  of  sight  while  under 
cover.  This  arrangement  consists  of  two  mirrors,  one  fixed  inside  the 
turret,  the  other  while  in  use  is  secured  upon  the  outside,  and  in  rear  of 
the  man-hole.  This  latter  mirror  works  on  a  hinge,  and  is  readily 
adjusted  to  any  required  angle  by  a  lever  or  hand  wheel  in  the  turret 
acting  on  a  system  of  bell-crank  levers.  When  not  in  ixse  the  mirror 
can  be  brought  inside  the  turret  and  slid  along  the  roof,  where  it  is 
secured  so  as  not  to  be  in  the  way  nor  liable  to  damage. 

The  line  of  sight  is  reflected  from  the  outer  mirror  upon  that  fixed 
in  the  turret,  whence  the  captain  of  the  turret  may  safely  lay  upon  the 
object.t 

For  giving  the  necessary  elevation  or  depression  to  turret  guns  a  wood 
scale  is  in  all  cases  used. 

Two  corrections  in  elevation  are  at  times  required : — 1st,  to  make  up 
for  the  ship's  heel,  and  2nd,  to  make  up  for  the  gun  being  raised  bodily 
from  one  step  to  another  when  mounted  on  muzzle  pivoting  carriages. 

The  first  correction  is  thus  made : — ^The  captain  of  the  turret  observes 
how  many  degrees  above  or  below  zero  are  given  by  the  hind  turret 
sight  when  laying  on  the  object ;  this  number  of  degrees  is  added  to  or 
taken  from  the  proper  elevation  given  by  the  wood  scale  as  follows : — 
The  position  of  the  clamp  on  the  wood  scale  is  not  altered,  but  the 
pointer  on  the  clamp  is  applied  to  the  given  number  of  degrees  above 
or  below  zero  on  the  heel  scale  marked  on  the  cascable. 


*  The  hind  sight  is  a  rectangular  bar  of  steel  Tvith  a  gun  metal  head  and  sliding 
leot  On  one  side  is  a  ratchet  in  which  geaxa  a  small  pinion  worked  by  a  hand  wheeL 
The  fore  sight  is  of  a  spedal  drop  pattern. 

t  This  apangeBMBt  will  not  be  adopted  in  futaze  ships. 
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The  second  correction  is  made  by  means  of  a  ^mple  arrangement  in     CHAP.  IX. 

the  wood  scale,*  so  that  the  latter  can  be  shortened  or  lengthened  to  ^ .   7 

correspond  to  the  height  through  which  the  gon  is  lowwed  or  lifted  ^^^1^1"^^^^ 

when  placed  on  the  several  steps.  I.  Deecription 

of  sight. 
2.  Moncrieff  SightB. 

In  addition  to  the  ordinary  sights,  two  special  sighting  arrangemcDts 
are  employed  with  guns  mounted  upon  Moncrieff  carriages. 

(1.)  That  used  with  T-inch  guns  mounted  on  Moncrieff  carriages, 
Mark  I^  consists  of  a  skeleton  gun  metal  bracket  secured  by  screws  to 
the  trunnion  ring ;  the  sight-notch  is  a  small  Y-shaped  pin  of  metal 
sliding  up  or  down  in  the  skeleton  fore  sight  frame,  and  clamped  by  a 
thumbscrew,  aud  the  graduation  is  in  hundreds  of  yards.  To  elevate 
the  gun  the  V  must  be,  of  course,  lowered. 

MoNOBISTT'B  FOBSStaKT. 


The  hind  sight  is  a  mirror  in  a  gun  metal  bracket  screwed  to  the  top 
of  the  gun,  near  the  breech  end,  as  shown  in  Fig.  below  :^ 

Wrought  Iron  B.M.L.  Oan,  7-lnch  7  tons. 

Sketch,  thoTnng  pontion  of  Moncrieff  Sights  for  M.I.  carnage. 

Scala-^. 


The  woodcut  shows  the  service  position  of  the  sights  when  finally 
adjusted  on  this  particular  gun  with  carriage,  Mark  I. 

The  mirror  has  cross  lines  upon  it,  and  in  order  to  lay  the  gun  on  an 
object,  the  V  is  damped  at  the  proper  elevation  and  the  gon.  traversed 
until  the  object  itself  and  the  bottom  of  the  Y  are  reflected  together  on 
the  intersecticxL  of  these  oross  lines. 

(2.)  The  system  of  mating  employed  with  7-inch  R.M.L.  guns  of  7-inch  or  W- 
7  tons,  mounted  on  carriages,  Mark  XL,  ami  for  ff-pr.  guns  on  carriages,  P'*  S^ 


*  A  gnn  matal  tube  with  a  button  at  the  lower  end  alidM  in  aod  ont  of  a  aooket 
in  the  scale,  the  button  reiting  on  a  txnaU  plate  seciized  to  the  bottom  plate  of  the 
carnage. 
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mounted  on 
cftrriage,  Mark 
II. 


cAAP.  IX.  Mark  I.,  consist  of  two  mirrors  and  are  nsed  without  a  fore  sight  One 
of  these  mirrors  is  secured  to  the  end  of  the  right  trunnion  of  the  gun  by 
a  circular  bracket,  and  the  other  is  fixed  in  a  sliding  bracket  or  frame 
which  can  be  moved  along  a  gun  metal  arc  screwed  upon  the  lower 
part  of  the  elevator,  and  which  is  graduated  in  degrees. 

To  lay  the  gun  by  these  sights  it  is  necessary  that  the  object  aimed 
at  and  the  intersection  of  the  cross  lines  upon  the  upper  mirror  should 
correspond  with  the  intersection  of  the  lines  upon  the  lower  mirror, 
the  latter  being  clamped  on  the  bar  at  the  proper  angle  of  elevation. 

To  fix  the  sights  on  the  7-inch  gun,  carriage  Mark  L,  first  take  out 
the  preserving  screws  tuid  thoroughly  clean  the  fitting  surfaces  of  both 
gun  and  sight  brackets ;  then  screw  on  sights  (using  the  thick  screws 
for  the  reflector),  taking  care  that  the  screws  are  sent  firmly  home, 
otherwise  the  shock  of  firing  will  loosen  the  sights,  destroy  the  adjust- 
ment, and  perhaps  break  the  glass. 


To  fix  the 
flights,  Mark 
I.  carriage. 


7-inoh  M.L.  Oun^  mounted  on  Moncrieff  Carriage 

(Mark  II.). 

Sketch,  ahowing  porition  of  Befleetiag  tighta. 

Scale  iin."«lfoot. 
I 


1 

When  the  sight  brackets  are  firmly  fixed,  lay  the  gun  accurately  by 
the  tangent  sights  (at  zero)  on  a  fixed  object  sufficiently  far  off  to  render 
the  lateral  distance  between  the  two  systems  of  sighting  inappreciable ; 
then  observe  whether  the  intersection  of  the  cross  lines  (i.e.,  the  centre 
of  the  top  of  the  "]")  ^pon  the  reflector  is  in  line  with  the  zero  of  the  fore 
sight  and  the  object,  also  whether  the  vertical  line  (the  upright  of  the 
"Y)  on  the  glass  coincides  with  the  centre  line  of  the  fore  sight,  in- 
dicated by  the  extremities  of  the  longer  line.  If  both  these  conditions 
are  fulfilled,  the  sight  is  in  adjustment ;  if  not,  the  glass  must  be  shifted. 

To  move  the  glass,  unscrew  the  metal  strips  round  the  face  of  the 
frame,  and  take  out  the  narrow  frame  cushions  of  india-rubber  or  other 
-elastic  material|  and  also  the  wood  packing,  leaving  the  glass  in  the 
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frame ;  thea  adjust  the  glass  by  paring  down  the  old  pieces  of  wood,     CHAP.  IX, 

and  wedging  up  with  fresh  ones,  as  may  be  required ;  when  correctly  ' 

and  firmly  Sxed,  replace  the  cushions,  and  screw  in  the  metal  strips 
again  ;  the  sight  will  then  be  ready  for  use. 

There  are  four  fine  lines  on  the  edges  of  the  mirror,  and  four  on  the 
frame  ;  the  relative  positions  of  these  should  be  accurately  noted  after 
the  final  adjustment  of  the  sight,  so  that  any  shifting  may  be  readily 
detected. 

The  same  course  should  be  pursued  with  carnages  Mark  II.  as  to  Mark  II. 
cleaning  the  fitting  surfaces,  &c.,  and  fixing  the  sights  to  the  gun  and  carriage, 
elevator,  as  in  the  case  of  Mark  I.,  already  described. 

Run  the  elevator  up  to  its  firing  position,  set  the  lower  sight  at  zero 
on  the  curved  bar,  and  clamp  it.  After  this  lay  the  gun  by  the  ordinary 
tangent  sights,  also  at  zero,  upon  a  distinct  object,  and  observe  whether 
the  object  itself  and  the  intersection  of  the  cross  lines  on  the  top  mirror 
coincide  with  the  intersection  of  the  similar  lines  upon  the  lower  one, 
also  whether  the  vertical  and  horizontal  lines  on  the  one  mirror  strictly 
coincide  with  those  on  the  other.  If  these  conditions  are  fulfilled  the 
sights  are  in  adjustment,  if  not,  the  glasses  must  be  shifted  as  described 
in  instructions  given  for  sights  with  Mark  I.  carriage. 


3.  Chase  Sights, 


§  8120. 


(c.o.) 


o 
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Chase  sight. 


§3120. 


Fore  sight. 
Hind  sight. 


In  consequence  of  the  small  size  of  the  ports  in  certain  works,  armed 
with  iron  shields  (e.  g,^  Plymouth  Breakwater),  it  is  found  that  the  ports 
foul  the  ordinary  sights  when  the  guns  are  traversed. 

Various  modes  of  getting  over  this  difficulty  have  been  proposed  by 
placing  sights  on  the  chase  of  the  piece,  and  it  has  been  approved 
of  that  for  12"*5  guns  of  38  tons*  a  mode  of  sighting  should  be 
adopted  which  had  been  brou^t  forward  by  Colonel  Inglis,  KE. 

The  system  embraces  a  fore  sight  and  a  tangent  sight  with  reflector, 
Both  are  fixed  on  the  chase  of  the  gun  at  a  distance  apart  of  80  inches, 
and  a  set  being  furnished  for  each  side  of  the  gun. 

The  fore  sight  is  an  ordinary  drop  sight,  fitting  into  a  gun  metal 
socket  let  into  the  chase. 

The  hind  sight  consists  of  a  rectangular  steel  bar,  graduated  in  de- 
grees on  its  rear  face,  and  fitting  into  a  socket  in  the  chase.  Upon  this 
bar  slides  up  and  down  a  cross-piece  of  steel,  the  direction  of  which  is 
parallel  to  the  axis  of  the  gun ;  upon  the  muzzle  end  of  this  cross-piece 
is  a  vertical  sight-leaf  with  a  notch  for  use  as  a  back  sight,  the  leaf 
being  capable  of  sliding  laterally  to  give  deflection  up  to  30''  K.  or  L. ; 
it  can  be  clamped  as  usual  by  a  set  screw. 

Between  this  leaf  and  the  tangent  bar  there  is  a  vertical  axle  on  the 


Chasb  Sight  fob  Hbatt  Goirs. 


it 


*  t.e.,  Mounted  on  *'  muzzle  piroting"  carriages. 
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cross-piece  (the  axis  of  which  is  in  line  with  the  sights),  and  upon  this     CHAP.  DC. 

axle  a  mirror  is  fixed  which  can  revolve  freely  in  a  horizontal  plane  

and  partiallv  in  the  vertical  plane  also.  The  cross-piece  carrying  the 
back  sight  leaf  and  mirror  can  be  clamped  at  any  required  elevation  ou 
the  tangent  sight  bar  by  means  of  a  powerful  set  screw. 

To  use  this  sight  the  man  laying  the  piece  stands  in  front  of  the 
trunnions  with  his  back  to  the  port,  and  having  clamped  the  cross-bar 
at  the  necessary  elevation,  lays  the  gun  by  traversing  until  the  object, 
the  notch  on  back  sight,  and  point  of  fore  sight  are  reflected  together 
upon  the  mirror,  which  he  can  adjust  to  suit  his  own  position,  or  else 
the  mirror  can  be  clamped  at  an  angle  of  45°,  when  the  person  laying 
will  have  to  shift  position. 


4.  Wood  Scales,* 

For  naval  service  a  wood  scale  is  used  in  connexion  with  the  ship's  Wood  scale, 
pendulum  or  director,  for  giving  elevation  or  depression  when  the  object 
aimed  at  cannot  be  seen  from  the  gun.  The  scale  is  square  in  section, 
and  is  graduated  for  degrees  and  yards,  both  for  full  and  battering 
charges.  It  is  provided  with  a  moveable  shde,  fitted  with  a  pointer 
and  clamping  crew. 

The  gun,  when  on  its  carriage,  and  run  out  to  its  firing  position  is  to  AdjuBtment 
be  trained  on  the  beam,  and  laid  perfectly  horizontal  when  the  ship  is 
upright.  If  the  ship  is  heeled  over  the  gun  should  be  elevated  or 
depressed  to  compensate  for  the  heel.  The  lower  end  of  the  scale  is 
then  to  be  shortened  if  necessary,  so  that  when  the  scale  is  held  in  a 
perpendicular  position,  with  the  foot  resting  on  the  slide  or  carriage, 
the  zero  of  tne  graduations  on  the  rear  face  of  the  cascable  may  §§  1477-8. 
correspond  with  the  pointer  of  the  clamp,  when  the  latter  is  set  to 
zero  on  the  wood  scale. 

The  clamp  is  set  at  the  required  elevation  or  depression  or  at  the  -^ 
graduation  in  yards  for  required  range  on  the  scale,  and  the  gun  then 
devated  or  depressed  until  the  degree  on  the  cascable  "From"  or  "  To," 
corresponding  with  the  heel  of  the  ship  coincides  with  the  pointer  on 
the  clamp. 

Those  used  with  heavy  guns  mounted  on  muzzle  pivotting  carriages 
have  also  an  arrangement  by  which  they  can  be  lengtiiened  or  shortened 
(vide  p.  190). 

The  graduations  on  this  scale  are  computed  with  a  radius  equal 
to  distance  between  the  rear  face  of  cascable  and  the  axis  of  the 
trunnions. 


*  The  y&rious  marks,  &o.  of  these  scales  are  given  in  Table  at  p.  228. 
(C.O.)  O  2 
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Wood  Soau  (S-rnqk  B.M.I<.  Ghin).    Soale. 
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When  the  radius  is  above  40  inches  the  graduations  on  the  tangent 
scales  are  calculated  for  each  degree,  and  therefore  increase  in  length 
for  the  b'gher  elevations.  Under  40  inches  radius  the  scale  is  calculated 
for  the  highest  elevation  and  divided  into  degrees  of  equal  length. 


5.  Irydex  Plates  and  Reader. 

These  articles  have  been  introduced  for  service  with  guns  of  from 
the  9-inch  to  the  12-inch  of  25  tons,  mounted  in  casemates  or  behind 
iron  shields,  for  the  purpose  of  giving  the  necessary  elevation,  when 
the  object  aimed  at  cannot  be  seen  from  the  gun.    They  are  used  In  For  9-inoh 
conjunction  with  the  arc  graduated  for  racers,  by  which  the  required  gnus  and 
training  is  given.  npward». 

The  index  plate  is  a  gun  metal  arc,  secure  to  each  side  of  the  gun  §  dS26. 
near  the  breech  end  by  two  screws.  These  arcs  are  graduated  for  10^ 
elevation  down  to  6^  depression,  and  a  gun-metal  pointer  termed 
'^  reader  for  index  plate  "  is  secured  to  the  carriage,  so  tnat  the  number 
working  the  handle  of  the  elevating  gear  can  see  when  the  required 
elevation  is  ^ven.    There  are  two  patterns,  Marks  I.  and  XL 

Mark  II.  is  used  with  10''  guns  on  low  carriages  and  platforms,  e  lo-io  -lei^e 
(See  **  Treatise,  R.C.D.,  1874,''  p.  216.)  ^        ' 


im  tUiiJ^  8IQHTS  AND  TUTTSCE. 

CHAP.  IX. 

—  10-iNQH  R.M.L.  QCH,  IS  ToHS.    Ihdex  Flati  Aim  Bbadkb. 


Tor  186-incli  Iq  the  caae  of  12-5-tnch  guns  of  98  tona  and  IS-inch  guns  of  35  toLS, 
and  l2-uich  ^jj^  gjeyating  area  will  be  graduated,  in  order  that  they  may  be  em- 
^^  ■  ployed,  in    conjunction  with  pointers  fixed   on  the  elevating  clamp 

brackets.    Index  plates  are  consequently  not  used  with  these  guns. 

6.  Clinometer.* 

5 14U.  This  instrument,  which  was  introduced  into  tbe  service  in  1867,  can 

be  used  for  giving  the  angle  of  elevation.    It  is  issued  as  part  of  the 
equipment  for  field  guns. 

It  consists  of  a  12-inch  boxwood  rule,  with  a  quadrant  marked  on  the 
joint  and  a  spirit  level  set  in  one  edge. 
A  few  useful  scales  and  memoranda  are  marked  oo  the  faces. 

7.  QjuadrcaiL' 

Qiudnnt.  A  quadrant  of  the  description  shown  below  was  also  introduced  for 

*  TbeM  Btorea  are  not  made  in  Uie  B.O.F.,  but  obtained  b;  ooDtmet. 
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the  same  purpose  in  1867.  This  pattern  wae  introduced  to  replace  an 
older  one  which  had  previously  been  employed  for  these  pieces  of 
ordnance. 

For  the  rifled  howitzer  lately  adopted  a  new  and  improved  form  of 
quadrant  will  (probably)  be  employed,  with  a  spirit  level  showing,  in 
addition,  whether  the  trunnions  are  horizontal  or  otherwise." 


Nbv  QtriDKUTT  roB  Latiho-  Howitzbrb. 
i  FuU  Size. 


This  instrument  will  be  applied  to  steps  cut  on  the  surface  of  the 


19  vith  lighU  in  fliad  poutiotu  in 
be  Ken  &om  Uie  following  example*.     Of  ooune  for  purpoeea  of  experiment  where 
•xtieme  Accuracy  is  deeirable.  anil  delicacj  of  iuatrumeDt  of  mmpaj^tirelj'  little 
importance,  such  a  aight  aa  that  deerribed  would  be  particularlf  lueful. 
Let    E-^tlie  ranee. 

E=anglB  ofeleTation. 

j8=Bnale  of  racHuBtion  of  trmmioDS,  wiiii  hoiuontal  ptaoie. 
I— deOectioQ  due  to  the  inclinatioD  of  the  (runnions. 
Now  it  can  reedilj  be  prnved  that  !  =  E  .  tan  E  .  >in  p. 
With  the  16-inch  80-toD  gun,  let  ub  luppoee  that  when  firing  at  an  elevatioD  of  T 

with  range  of  4,694  jardg,  one  trunnion  wae  (of  a     '     '   i-'-i-  -.•---  .l l-    t- ... 

platbnn  elightl;  giTing  awaj ;  then,  as  length  of  K 
u  106  inches, 

-We  have  in  thii  case  t-4694   iaaTaap. 
-«8itan7*-  /0-7S\ 
U06/ 
Therefore  i—S'S  jmrdi  nearly,  wherew  the  meMured  deflection  witn  fire  rounds 
aa  above,  wae  only  1'8  yanl. 

We  >ee,  then,  that  the  error  due  to  aretj  ilightinclinationof  the  tninntuns,  would 
be  juat  double  that  of  the  gun  as  fired. 
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8,  Hanginy  Scales, 


Laying  appa- 
ratus  for  siege 
ordnance. 


Hanging 
scales. 


Front  frame. 


Suspending 
rods. 


Distance  piece. 


This  is  a  special  arraDgement  employed  for  laying  siege  pieces  when 
under  cover,  so  that  the  object  to  be  aimed  at  cannot  be  seen.  The 
elevation  in  such  case  is  given  by  means  of  (a  dinometer  or)  quadrant, 
as  before  explained. 

The  scales  consist  of  two  frames,  one  hanging  from  the  axletree  of 
the  gim,  and  a  second  parallel  to  the  former  hanging  from  the  trail,  the 
frames  being  at  right  angles  to  the  axis  of  the  gun  and  swinging  freely 
on  the  supporting  hooks  and  eyebolts,  so  that  they  always  assume  a 
vertical  poftition  when  in  use. 

When  the  piece  is  in  action  and  the  frames  hanging  down,  the  dis- 
tance between  their  lower  edges  varies  with  the  nature  of  carriage 
measured  in  the  vertical  plane  passing  through  the  axis  of  the 
gun. 

For  the  front  frame  two  eyebolts  are  screwed  into  the  underside  of 
the  axletree  at  equal  distances  from  the  centre.  Two  suspending  rods 
of  iron  are  hung  by  hooks  on  their  upper  ends  from  these  eyebolts. 
Each  rod  slides  in  a  gun  metal  socket,  and  has  a  scale  of  three  inches 
at  its  lower  end,  and  a  set  screw,  by  means  of  which  the  rod  can  be 
clamped  to  length  required. 

A  "  distance  piece  '*  is  secured  to  the  rods  above  the  caps,  completing 
a  rigid  frame,  the  upper  portion  of  which  is  the  axletree  itself,  the  sides 
being  the  two  suspension  bars  and  the  lower  side  the  "  distance  bar." 

The  frame  swings  freely  on  its  upper  side  in  a  vertical  plane,  the 
bearing  surfaces  of  the  suspension  bar  hooks  and  the  eyebolts  in  the 
axletree  being  knife-edged. 
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The  front  '^  scale  bar  "  fits  through  thel  ateral  slots  in  the  caps,  and    CHAP.  IX 

is  therefore  parallel  to  the  distance  bar.     It  is  capable  of  lateral  move-         

ment  in  the  frame  to  the  right  or  left,  and  can  be  clamped  by  a  thumb-  ®**^  **"• 
screw  in  each  cap. 

The  scale  bars  are  rectangular  and  of  gim  metal.  They  are  gradu- 
ated in  degrees  from  0°  to  10^,  each  of  which  is  subdivided  into  smaller 
pai*ts  corresponding  to  10  minutes.  The  scales  are  enamelled  and 
fixed  to  the  bars  by  means  of  screws. 

When  required  for  use  the  hooked  ends  of  the  suspension  bars  are  How  the 
inserted  into  the  eyebolts  under  the  axletree,  and  adjusted  so  that  the  wxlwm 
scale  bar  when  passed  into  the  caps  may  nearly  touch  the  platform  ^^'"^^^ 
with  its  lower  edge. 

The  lower  ends  of  the  suspension  bars  are  thus  connected  by  the 
distance  bar,  and  the  scale  bar  placed  in  the  caps. 

For  the  rear  frame  two  eyebolts  are  screwed  into  the  side  of  the  Bear  fnune. 
trail,  to  which  the  frame  is  suspended. 

This  rear  frame  consists  of  the  same  parts  as  the  front  frame,  but  the 
Bupension  bars  are  of  course  shorter. 

The  scale  bar  is  rather  longer  than  that  of  the  front  frame,  and  in 
addition  to  being  graduated  li^e  the  latter  has  Sk  scale  on  the  rear  face 
for  giving  deflection  up  to  4°. 

In  order  to  use  the  scales,  obtain  the  line  of  fire  in  direction  (by  How  to  use 
pointing  rods  or  otherwise),  and  mark  its  prolongation  along  the  length  *he  soiUes. 
of  the  platform.    The  division  on  the  first  scale  cut  by  this  line  ia 
noted,  and  the  piece  traversed  until  the  same  line  cuts  a  division  on  the 
rear  scale  equal  to  that  on  the  front. 

Deflection  is  given  by  pushing  the  rear  scale  to  the  left,  the  number  Deflection 
of  degrees  being  given  by  the  graduation  on  the  right  end  of  the  ree^  scale, 
face. 

Captain  Frenches  laying  Apparatus, 

This  arrangement  also  allows  of  laying  guns,  when  under  cover,  or 
when  the  object  cannot  be  sighted  from  the  gun.  It  consists  of  two 
graduated  steel  bars  or  sights  (fore  and  hind)  adapted  to  fit  the  service 
sight  sockets.  These  are  provided  with  two  horizontal  bronze  arms 
about  8  inches  in  length,  graduated  into  intervals  of  10  minutes,  and  a 
sliding  leaf  with  notch  or  pointer  moves  along  evjh  arm. 

The  line  of  fire,  having  been  obtained,  is  marked  by  pickets  or  plumb 
line  at  the  rear  of  the  battery,  and  at  the  point  where  this  line  cuts 
the  graduated  arm  of  the  fore  sight,  the  sliding  leaf  is  clamped.  The 
trail  is  then  traversed  imtil  the  corresponding  graduation  on  the  arm 
of  backsight  is  also  in  the  line  of  fire,  the  number  laying  the  gun, 
standing  with  his  back  towards  the  parapet* 


Fittings  and  Sma^ll  Storks. 

We  now  come  to  the  other  fittings  and  stores  for  R.M.L.  guns, 
besides  their  sights,  TheE»e  are  all  shown  in  Table,  p.  381,  in  alpha- 
betical order. 


Beavers^  shot  or  shelf. 

These  are  for  use  with  the  L.S.  9-inch,  7-uicb,  and  80-pr.  gtms,  and  §  13*>- 
the  8-inch  howitzer. 
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Shot  Bbasbbs,  L.S.    9-mch  B.M.L.  Chin. 


7-incli  B.M.L.  Gtin. 


§  2207. 


The  hooks  on  the  short  bearers  shown  in  the  cut,  have  been  removed. 
The  handles  of  the  9-inch  are  now  made  of  iron  tubing. 

Studs  to  support  the  shot  bearer  were  formerly  screwed  into  the 
muzzle  of  heavy  gxms  before  issue,  vide  p.  182. 
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Bolt^  iron^  elevating  eye  complete  with  washer  and  keep  pirL 

For  25,  16  and  9-pr.  guns  and  consists  of  a  bolt,  washer,  and  keep 
pin,  and  are  interchangeable,  except  the  9-pr.  of  6  cwt.  bolt  which  is 
shorter  than  the  others. 


BoltSj  steely  for  Piecf^  Pivot  Mk,  IL 
For  overbank  carriages. 

Brackets^  metaL 

Attach  the  trunnion  and  centre  fore  sight  sockets  to  the  conyertied  §§  1762,2066, 
cast  iron  guns»  See  p.  241.  2220. 

Clamps^  metal^  for  Wood  Scales. 

Are  used  with  R.M.L.  heavy  guns  for  S.S.  and  slides  on  the  wood  g  X478. 
scale.    It  has  a  pointer  and  is  used  to  give  elevation  or  depression  in 
connexion  with  the  heel  scale  on  the  cascable.    See  p.  195. 

Clampsy  moveable^  for  Tangent  sights. 

Are  of  gun  metal  and  clamp  the  tangent  sights  at  the  required  eleva-  §§  1144-1857. 
tion,  see  p.  183*    They  are  used  with  25-pr.  RM.L.  guns  and  upwards.* 

Derricks. 

This  fitting  is  now  provided  for  9-inch  L.S.  guns  and  upwards,  for  §  8007. 
the  purpose  of  raising  the  projectile  to  the  muzzle  of  the  piece.  It  is 
used  only  for  guns  not  mounted  behind  iron  shields. 

It  is  made  of  bronze,  and  consists  of  a  band  (A)  and  derrick  (B),  as 
shown  by  the  drawing.  The  band  is  fixed  round  the  chase  of  the  gun 
at  a  distance  of  from  seven  to  twelve  inches  from  the  muzzle,  accord- 
ing to  the  nature  of  aim,  and  the  derrick  is  secured  to  it  by  two  screw 
bolts.  The  dei-rick  has  a  "  bridge  piece  "  (b)  which  rests  on  the  top 
of  the  chase,  supporting  the  fore  part  of  the  derrick,  which  projects 
over  the  muzzle  the  amount  required  for  convenience  of  loading.  To 
the  loop  (c)  would  be  hooked  the  double  block  of  the  small  tackle  by 
means  of  which  the  projectile  is  raised. 

The  band  when  adjusted  in  the  proper  position  is  secured  to  the  gun 


*  These  dampB  are  only  interchangeable  for  certain  natures  of  guns,  yiz. : — 

1  IB  2  '25  inches  in  height  for  1"  B.L.,  82  cwt.  ;  100  pr.  S3.  9^'  of  12  tons  11 

and  12^'  of  25  tons  B.M.L. 

80 

2  is  1  '625  inches  in  height  for  64-pr.  64  cwts.  B.M.L.,  and  go-pn* 

and  for  40-pr.  B.B.L.  Mk.  I.  sight  with  barrel  head. 
8  is  1  '425  inches  in  height  for  all  other  B.M.L.  guns,  except  as  below,  and  also 
used  for  40-pr.  B.B.L.  Mk.  II.  and  III.  sights. 

4  is  1  *126  inches  in  height,  for  40-pr.  and  25-pr.  B.M.L. 

5  is  1  '125  „  for  8''  and  6''  '3  Howitzers. 


RJf  .1..  BIOHIS  AND  FrmNOS. 
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by  four  screws.    Instractions  for  adjusting  and  securing  these  derrick    OHAP.  IX. 
bands  are  given  at  p.  879,  Appendix  II.  

,  Guards  metaly  vent 

For  S.S.  10-inch  guns  when  mounted  on  gun  boats  of  the^^  Blazer"  §  2118. 
dass,  to  prevent  injury  to  the  men  from  the  flash  of  the  vent  when  the 
gun  is  fired.* 

These  are  issued  to  the  Navy  and  are  fitted  by  their  artificers  to  the 
guns. 

Cfuide  plates. 

Ouide  pkctes  are  of  steel,  and  one  is  screwed  in  at  the  right  rear  of 
the  vent  to  guide  the  lanyard—  which  passes  through  it — direct  on  the 
ouill  friction  tube.  It  has  a  cross-head  on  the  top,  to  which  a  loop  on  §§  47&-68Q» 
tne  lanyard  can  be  attached  when  the  gun  is  loaded,  and  so  prevent  the 
gun  being  fired  accidentally.  The  Navy  alone  use  it,  as  they  fire  their 
guns  from  the  rear  immediately  the  object  is  in  line,  and  this  guide 
plate  enables  the  gunner  to  have  a  steady  and  direct  pull  on  the  lanyard 
while  looking  over  the  sights. 

Scale  i* 


Plate^  preserving,  muzzle  sight 

This  covers  the  screw  holes  for  the  muzzle  sight  of  the  9-pr.  6  cwt. 
S.S.  gun  and  the  8"  and  6"'3  howitzers  when  the  sight  is  not  on  the 
piece. 

Plate,  metal,  elevating. 
See  pieces,  pivot.t  1 1486. 

Pin^  iron,  Friction  Tube. 

The  friction  tube  pin  is  screwed  in  1*8  inch  to  the  left  front  of  the  !  1141. 
vent  and  a  spare  hole  is  made  adjoining  it,  lest  the  pin  should  be 
broken  off,  leaving  its  stump  in  the  first  hole.  The  leather  loop  of  the 
S.S.  quill  friction  tube  is  placed  over  this  pin,  to  prevent  the  tube 
coming  out  or  breaking  when  the  lanyard  is  pulled,  whilst  to  ensure 
direct  action,  the  lanyard  is  passed  through  the  gui^  plate,  which  is 
BCjrewed  into  the  g^  in  rear. 


*  The  method  in  which  fchese  gunt  are  mounted,  bringing  the  axis  of  the  gun 
lower  than  usual.  8-inch  guns  on  board  the  "  Sultan  **  are  also  ao  fitted,  the  guu*d« 
being  slightly  altered  to  allow  of  an  electric  tube  being  entered  into  the  rent. 

t  The  latest  pattern  for  lO''  and  upwards  are  termM  *'  Countersunk.**  They  hare 
a  square  projeotmg  boss  fitting  into  a  recess  out  in  the  metal  of  the  gun. 
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MUZZLS 


•» 
.Jt 


M^^f^-^  -ti*^J      0" -222  in  a 

ly^VjIpl'-'''  V     I  Inch. 


^--' 


^BttEECM 


§1485. 


§1485. 


PtTM,  tron,  keqp^  pivot^  elevating. 
See  Plate,  metal,  elevuting. 


See  Pieces  Pivot. 


Pivots^  steely  for  elevating  are* 


§§  1435, 1647. 


Pieoes,  Pivot 
Dbtails  ov  a  Pivot  Pibob,  bob  9-in.  B.M.L.  G-uns,  12  tokb. 


Boale  i  siie. 
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A  pivot  piece*  consists  of  the  following  parts :  a  metal  plate,  steel     CHAP.  IX. 

pivot  for  elevating  rack,  keep  pin  for  pivot,  and  screws  for  fixing  the         

plate. 

The  metal  plates  are  right  and  left  handed  (excepting  38  and  d5-ton 
guns  which  have  two  plates,  both  attached  to  one  side  of  the  breech 
of  the  gun  by  six  screws  each  and  termed  top  and  bottom). 

Pivot  pieces  serve  to  connect  the  gun  to  the  elevating  racks  on  the 
carnage ;  they  are  attached  to  the  guns  by  means  of  a  wrench,  vide 
p.  211. 

To  fix  the  elevating  rack  the  keep  pin  is  removed,  the  steel  pivot 
unscrewed,  passed  through  the  hole  in  the  elevating  rack,  and  once  more 
screwed  into  the  plate,  after  which  the  keep  pin  is  again  inserted. 

A  pivot  piece  for  an  over  bank  carriage,  consists  however  of  the 
following  parts :  Pivot  piece, 

A  plate,  metal,  elevating,  a  bolt,  steel,  with  keep  pin  and  screws  for  ©▼«rbank 
fixing  the  plate.  •  **™«^- 

Two  pivot  pieces  are  attached  to  the  gun,  one  near  the  breech, 
marked  B,  the  other  towards  the  front,  marked  M. 

The  ends  of  the  elevating  rack  are  attached  to  the  pivot  pieces  by 
means  of  the  bolts. 

Obdinaby  WBOuaHT  Ibon  B.M.L.  40-Pb.,  35  owt.    ICabk  XL 
PiBOBS  Pivot  Coicplbtb  (Fobb  and  Hind).    Mabk  II  (for  Orerbank  carriage). 

Scale  i"=l  foot. 


*  The  following  are  the  marks  of  pivot  pieces  (dependent  on  the  form  of  the 
plate  metal  eleyating)  for  the  different  natures  of  fans  : — 

Mark  I  for  12f''S  M.  I ;  M.  II.  for  12f''S  M.  L  mounted  on  small  port  carriages  §  8067. 
and  is  central  only.  M.  I.  or  II.  for  12'^  of  35  tons ;  M.  I.  or  II.  for  12f*  of  25 
tons  M.  II. ;  M.  I.  or  II.  for  11"  M.  II ;  M.  III.  for  ir  M.  II  (Alexandra  and 
Temeraire  class)  j  M.  lY.  for  11''  M.  II.  Barbette  of  Temeraire  to  suit  Armstrong 
elevating  arrangement)  ;  M.  L  or  II.  for  lO''  M.  II. ;  M.  III.  for  10"  M.  II.  on  smau 
port  carriages ;  M.  lY .  for  lO''  M.  I.  (has  a  strenghtening  boss)  ;  M.  I.  for  9^'  M.  I.  $ 
M.  II.  for  9"  M.  III. ;  M.  III.  for  9"  M.  II.,  IV.,  or  V ;  M.  IV.  for  9"  M.  I.  fitted 
for  Sultan  class  ;  M.  I.  for  8"  M.  I. ;  M.  IL  for  8"  M.  III. ;  M.  I.  for  T'  M.  1. 1 
M.  II.  for  7"  M.  III. ;  M.  I.  for  7"  of  90-cwt. ;  M.  I.  for  64.pr.  M.  II.  j  M.  I. 
for  64-pr.  M.  III. ;  M.  II.,  for  do.  (for  oyerbank  carriage) ;  M.  I.  for  40-pr.  M.  I. ; 
M.  I.  K)r  40-pr.  M.  II ;  M.  II.  for  do.  (for  oyerbank  carriage)  ;  M.  I.  for  8''  how- 
itzer ;  M.  I.  tor  25-pr.  Mark  II  for  25-pr.  (oyerbank  carriage) ;  M.  I.  for  20-pr. 
K.B.L.  15  cwt.,  M.  I.  for  20-pr.  B.B.L.  13  owt. 
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Plates,  index. 


These  plates  are  of  gan  metal  and  for  use  with  L.S.  9'iii.  to  12-mch 
of  25-toii  guns  and  are  right  and  left  handed,  being  attached  to  the 
side  of  the  breech  of  the  gun. 

They  are  used  in  conjunction  with  a  pointer  or  reader  attached  to 
the  carriage,  vide  p.  198.    See  Table,  p.  231. 


PricherSy  priming. 

They  are  to  prick  the  cartridge  and  are  of  four  different  lengths,  viz., 
29-hich,  23-inch,  17'inch,  and  7^  inch.  For  the  future  all  are  to  be 
made  of  steel. 


Header  for  index  plate, 

S§  1806, 1478.      See  Index  plate.    Are  of  gon  metal  and  attached  to  the  carriage,  and 

are  right  and  left  handed. 


Scales^  wood, 
§  1204, 1762.      Are  used  in  connection  with  the  heel  scale  for  S.S.  guns,  vide  p.  196. 

Scales^  fcood^  side. 

The  64-pr.  guns  of  71-cwts.  for  S.S.  are  provided  with  these  scales, 
which  are  used  in  a  similar  manner  to  those  for  smoothbore  guns. 


Screws^  copper^  set. 

Right  and  left  hand  for  16-pr.  guns,  and  serve  to  clamp  the  tangent 
sight. 

Screws^  fixing  and  preserving. 

All  fittings,  &c.  are  attached  to  the  guns  by  means  of  "  fixing  screws,*' 
and  when  such  fittings,  &c,  are  removed,  the  holes  are  filled  up  by 
"  preserving  screws." 

Sights* 
See  pp.  183-195,  and  Table  p.  212. 

Sockets^  metal 

i  1481.  The  centre,  hind,  and  tangent  sights  work  in  these  sockets  which  are 

let  into  the  gun. 
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ItCF.    lily       W»  ©. 

t  PAN  NCR     BOX. 

rORCSIONT. 
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§3245. 


D 


This  store  is  used  for  both  the  64-pr.  converted  gun  of  58  cwt.  and 
9-pr.  L.S.  for  unscrewing  the  small  muzzle  sight. 


Spanner  J  iron  removing  Trunnion  Sights  IS-pr. 


For  lemoving  screw  trunnion  sights  of  16-prs. 


Spikes. 


Common  and  spring  are  of  steel,  and  serve  to  disable  guns  in  the 
field.    Vide  Table  p.  231. 

The  Common  spike  is  8  inches  long,  and  of  universal  pattern. 

The  Spring  spikes  are  issued  in  three  different  sets,  according  to 
natures  of  guns  for  which  required. 


§8246. 


Studsj  trvnnion. 

In  order  to  facilitate  the  mounting  and  dismounting  of  very  heavy 
guns  in  casemates,  Colonel  Inglis,  K.E.,  proposed  in  1874  that  stu(is 
should  be  screwed  into  the  trunnions  of  38-ton  guns,  which  would 
afford  points  by  means  of  which  the  gun  could  be  •  raised  with  the  aid 
of  powerful  hydraulic  jacks  and  a  beam  with  wrought  iron  loops  fitting 
over  the  studs.  These  studs  were  tried  that  year  and  found  to  answer 
weU|  in  consequence  of  which  their  employment  for  38-ton  guns  fo 
L.S.  was  approved  of  in  1875. 

The  gun  is  prepared  for  them  by  boring  into  the  face  of  each 
trunnion,  the  holes  being  about  4  inches  in  depth  and  3*5  inches  in 
diameter,  and  tapped  for  about  three  inches.  The  studs  themselves  are 
of  wrought  iron  of  the  shape  shown  below,  and  when  screwed  home 
project  3'75  inches. 

20-ton  hydraulic  jacks  would  be  used  in  conjunction  with  them. 

(c.o.)  p 
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BJLL,  SIOHTS  AKD  FITTn.'GB. 
TBiTNKioir  Stvdb. 


Washer,  irOTt^or  trunniota  of  1 2-&  inch  MX.  gun  of  SB  totaformounUng 
and  dimwunting. 

This  washer  is  nsed  in  coimectloa  with  tnumioa  studs,  ^^og.  at^VKfA 
into  portion  between  the  studs,  and  face  of  trunnions.  It  prevoits 
slipping  of  chain  or  rope  when  such  chain  or  rope  passes  rwmd  tbe 


Wimch  forjixmg  Mevating  Radc,  index  PlaUt,  and  Jfuttli  i)pTMt|t 


Wrenches  Marks  II.  uid  III.  t 
i  in.  or  6' 3  Howitzers. 


1  for  nee  Tritb  40  or  61-pr.  1(JLW 


Mark  IV.    Wrench  has  been  approved  of  for  nse  with  7  indi  to 
12-5  inch  SJ^L.  Onus. 


Wbbxch,  Uabe  it.. 


1  Emomra  BLsrATiKa 
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This  consists  of  two  Beparat«  pieceB,  one  only  (A)  of  which  need  be 
employed  to  remove  the  pivot  piece  when  the  elevating  arc  ia  not 
secured  to  the  gnn,  bat  both  (A  wd  B)  are  neceBsary  should  the  arc  be 
attached. 

Part  A  is  a  strcaig  wrought  iron  bar  with  a  wrench  at  one  ^d,  and 
at  the  other  a  projecting  stud  to  fit  into  the  slot  in  the  faoe  of  the  pivot 
IHece.  Upon  it  slides  a  jaw  (c)  (kept  in  the  c^tre  by  a  spring  when  not 
recmired). 

To  use  the  wrench  in  removing  8  pivot  piece  preparatory  to  fixing 
on  the  elev&tine  rack,  place  the  stad  (d)  into  the  slot  on  the  jrivot  piece, 
slide  the  jaw  (c)  over  tne  pivot  piece  behind  the  head,  and  then  unscrew.* 
The  jaw  prevents  anj'  slipping  and  keeps  the  stud  firmly  fixed  in  the 
pivot  piece. 

To  remove  the  pivot  piece  when  the  elevating  rack  is  attached  by  it 
-to  the  gun,  wfl  must  use  A  and  B.  B  is  also  of  wrought  iron,  and  has  a 
bent  portion  (e)  to  fit  over  the  elevating  arc,  the  screw  (/)  securing  it 
firmly  in  position;  the  screw  (g)  has  a  spuidle  passing  through  ita. 
centre,  on  the  end  of  which  is  a  stud  for  fitting  into  the  pivot  piece. 

On  the  screw  and  spindle  where  they  meet  are  cut  hexagonal  faces,,  S.UIS^ 
and  the  wrench  fits  over  both  together. 

To  remove  the  pivot  piece,  fix  B  to  the  arc,  screw  up  (^)  until  the 
etnd  is  well  home  in  the  slot  of  the  pivot,  then  apply  the  wrciich  (A)  to 
the  hexagonal  surfaces,  and  unscrew  the  stud. 

Wrench,  Pin,  Friction  Tube, 
This  wrench  has  four  aims,  wbioh  aca  used  for   tin   foUomtni^^- 

Box  wrench  for  friction  tube  pin. 
^>anQer  for  si^ht  and  fixing  screw 
Tommy  for  guide  plate. 
Screw-driver  for  sight  screw. 


(CO.) 


■  Tlie  keep  pin  being  of  DO 
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TABLE  XIX. 


Nature  of  Latest  Patterks  of  Tangent  Scale  and  Centre  Hind  Sights* 
and  particulars  of  Qhaduations  for  Rifled  M.L.  Guns. 


NatareofOun. 


17'72-lncb,  100  tons 
le-inch,  80  tons 
12'6-incbf  88  tons 


I2-Incb,  S9  tons. 


'..«      ••• 


13'0&-lndi,28tons 


12-incb,  26  tons 


II  Inch,  25  tons 


lO-incb,  18  tons 


9indi,  12  tons 


B-incIi,  9  tons 


...       ••• 


7-faic)i,  7  and  6}  tons 


7-Inc1i,  90  cvt. 


Pattern 

of 
Sight. 


I. 
I. 
I. 


Per- 
manent 
anide 
of  De- 
flection 

of 
SiKhU. 


•«•       ••• 


[ 


II. 

iir. 

I. 

n. 

n. 
in. 


•••     .  • 


80-inr.  (conTeried)  5  tons 


IIL 
IV 
V.  - 


;] 


XL 


ni. 


I. 


I. 


2^10' 

nh. 

80' 
8^ 

2©  26' 
20  26' 

I^IO* 
loiy 

44' 
44' 

28' 


44' 


W 


Length 

Badlns 

in 
Inches. 


72" 
72 


{ 
{ 

I 

{ 

1 

{ 
{ 


45 

45-1 

54 


59-95 
69-95 

64 

59*95 
69*95 

64 

00 
60 

45 
45*1 

45*1 

88 

88-1 

88 

881 


r  88 

188-06 


88 


OTBdnationa 
for  Degm-t. 


• 


10 
0 


r 

110 


18 

5 

12 

5 
101 

12 
5 

12 
6 
8 

15 
5 

n 

15 
5 

15 
5 

15 
5 

15 


e 

15 


12-695 

12-695 

12-695 

10-888 

8*986 

11  -478 

6-249 
13-6 

11-478 

5-249 

18-5 

11-478 
5-249 
10 

12-057 
8-986 
8 

10-05 
8-85 
10*05 
8*85 

10-05 
8-86 
10-05 


Bemarks. 


Side  or  centre. 

Side. 

Centre.! 

SW*     \    No  yard 
Centre  Z*™*"****^ 

Side. 

Centre. 

Long  centre  hind  sights  t 

Side. 

Centre. 

Long  cmtre  hind  sights,  t 


cen- 
hind 


Side 

Centra 

Long 
tre 

Bights.) 
Dicie  •.■       .•• 

Centre        ... 

Long  centre 
hind  sights) 

Side 

Centre        ••• 
Bide  ..«       ... 
Centre        ••• 
Side. 
Centre. 
Side. 


^a;?3 


£5 


4:5'? 


•  Besides  tangent  sights,  the  Rifled  M.L.  gone  for  8.S.  hare  wood  scales  used  in  oonJunction  with  heel 
scales  on  the  cascable,  whilst  64-pr.  M.L.  are  supplied  with  wood  side  scales  (giving  i2<»  elevation  and 
6°  depression)  similar  to  those  for  S.B.  gnns. 

t  This  is  a  third  tangent  sight  with  steel  bar. 

t  Vide  p.  187. 

Note.— The  metal  heads  of  the  sights  are  not  to  be  polished,  as  it  would  eventoallv  destroy  their 
accnrary. 

S  The  face  of  7-lnch  sights  graduated  for  yards  with  battering  charges  R.L.O.  win  be  planed  down, 
and  a  fresh  scale  showing  yards  for  battering  charges  P.  powder  engraved  instead.  The  faces  of  8-inch 
and  9-mch  sights  graduated  for  yards  with  battering  charges  of  B.L.a.  powder  will  be  cancelled  by  two  lines  drawn 
across  the  scale,  and  a  fresh  scale  shoising  yards  with  battering  charges  P.  powder  wOl  be  engraved  on  the  blank 
face  opposite. 
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Table  XIX. — continued. 


Katare  of  Piece. 


64ipr.  -{ 


64cwte. 


con* 
Teited 


..«    ••• 


Pattern 

of 
Sight. 


{71  CWt8.  .. 
SScwtB. .. 


S4cirt. 


ft 


85-pr.  18  cwt.  ... 
10>pr.,  12  cwt. ... 


U^r.|  8  cwt. 


•••       •••       ••• 


9^. 


f8  cwt.t  .. 
Mark  I. 


Wrooffbt- 
Iron 


8  cwt.    ,,. 
MaAU. 

6  cwt.    ... 
Marie  I.... 


6  cwt.  t ... 
^Maikll. 


IV. 
IV. 

m. 

I. 
II. 
I. 
I. 


I. 


7-pr. 


100  nw.  (Steel) 


200  llie.     (Steel» 
Maik  IV...,       S 


200  Ibf .  (Broue) 


I 


fe-Z  inch  18  cwt. 
8      »»    ^    fi 
«•«    »    36    „ 
8       »    70    „ 


}  »• 

]   m. 

11. 
I. 
I. 


I. 
I. 


Per- 
manent 
anfrle 
of  De- 
flection 

of 
Sights. 


2»  le' 
2*  60^ 
2P  W 
Z>  W 
2°  16' 
I'^fO' 
10  20* 
0»63' 


1««/ 
J»80' 


Kn.   J 


Length 

Ba^lioa 

in 
Incliee, 


} 


88 

88*1 

88 

88  1 

80 

86 

80 

24 


Qrad  nations 
for  Degrees. 


I 


16 

6 
16 

6 
12 
12 
12 
12 


66 

66 

64*6 
68 

24-2 
86-4 
88-6 


Short  20 -6 
Long  40 
Short  27 
Long  64 


{- 

>.  ... 

(' 

C.  12 
I  12 


1 

6 

12 

10 

20 

8 


{ 

{ 
{J 

I  17 


5  . 
tl 


10*06 

8-06 

10-05 

8-85 

6-876 
7-661 
6-876 
5-101 


6-986 
14-028 

6-881 
18-815 

6-708 

5-048 
14-458 

4*28 
8-81 
5-116 
7-786 
4-708 
10  241 

11-685 
18-054 


Bemarics 


Side. 

Centre. 

Side. 

Centre. 

Side. 

Side. 

Side. 

Side. 

^*»°'*')  Central 
LongJ"*«^^"«- 

S*»°^')  Central 
I^n^Jrighting. 

®^^''')  Central 
I^^^Jsighttng. 

Central  sighting. 

S*«>'*')CentTal 
I^^Jsighting. 

Central  sighting. 
Do.    Wood. 

^^^')  Central 
I^j^Jsighting. 

Central  sighting. 
Do.    Wood. 

Central. 
Do. 


*  Those  with  steel  tnbes  firing  10  lb.  charges. 

t  A  bnui  plate  showing  the  nage  table  is  attached  to  left  bracket  of  carriage. 
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^      O    3 


•g 

I* 


s- 


CO  i 


I      I 


I 


I 


0 

g 


s 


% 


04 


I 


I 


i?  I 


I 


CO 

09 


2S    5^  ?'•*' 

■000        1^  S  n  ^ 

®        3  "9 

tcEx  tn>* 

•  * 


1^ 


o 

04 


»^2 

•^  -JO 


^& 


a, 


!-8 


IS  ^* 

— w'*        S3    . 
GOo 

6*^ 


04 
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00 
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CO 
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^§ 
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C4 
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If 
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09 
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SaMHMJ 
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00  I 

6 


S3- 

1^ 


.0* 

tDzfv 
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1    1 

1 

1 

h 

1    1     1      1 

till 

1    1     1     1 

1    1    1     1 

1  1    1    1 

«  1    1    1 

1  1    1    1 
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-  -  -  - 
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t^ 
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TABLE  XXL 
Tangent  Scalb  or  Side  Sights  of  Medium  SJA.L.  Gun?, 

f  Muzzle 

1 


2 


8 


Kark 

of 
ttfllit. 


L- 


n. 


in. 


IV. 


V. 


VI.  ^ 


VTL 


1 

2 
8 
4 


1 
2 
8 
4 


1 
2 
8 

4 


1 
2 
8 

4 


1 
2 
8 
4 


2 

8 

4 

1 
2 
8 

4 


64-pr. 
of  64  or  71  arts. 


§  1082. 

(f  to  15**.        a 
Blank, 
Blank, 
Blank, 

§  1148. 

§  1254. 

0  **  to  15°.         h 

Puzo  scale,  F.  2  '0. 

Yardo,  3,600. 

Blank. 

§  1476. 
§  1752. 
0°  to  15°         e 
S.  Full,8  IbB.,  Fuze  27. 
FuU    „  Yds.  8,600. 
Blank. 


I  21d8. 

0^  to  15°         d 
S.  F.  8  lbs.  Fuze  27. 
Full    „    Yds.  8,600. 
Blank, 

§  2842. 
0*  to  15°.        € 
Blank 
FuU,  10  lbs.  Yds.  6,000. 
Fuze  84. 


80 

^pr.  6  tozis. 

68 

(Coorertod.) 


€2220. 

&  to  15°. 

S.F.  10  lbs.  Fuze  20. 

FuU  do.  Yds.  8,500. 

Blan^, 


n 


» 


§  2983. 
0°  to  15°.  / 

FuU,  10  lbs.  Yds.  5,000. 
Fuze  34. 


» 


n 


Bomaiks. 


a  Barrel  head.  TSio  yards  gradua- 
tion owing  to  range  not  baring 
been  determined.  Introduced 
in  1865. 


h  Sliiling  leaf  head,  1866.. 


&4 

2  ^ 

OD.S 


Nil. 


Nil. 


0  Fuze  scale  graduated  in  even 
tenths,  heading  of  yard  scale 
altered,  and  wei^t  of  charge 
added.  1867.  Adopted  for  the 
oonyertod  64-pr.  8-inoh  irun. 
1869.  *^  *     ' 


d  In  1871  a  nnifonn  system  of 
graduation  was  introduced,  and 
the  depth  of  the  notch  was  at 
the  same  time  increased,  as  is 
the  case  with  this  sight. 

€  Has  a  slow-motion  screw  for 

S'ying  minutes  of  eleration 
dng  reauired  for  L.S.  64-pr. 
with  steel  tubes  for  siege  pur- 
poses, and  has  alao  the  shallow 
noteh.    1875. 

/  Has  no  slow-motion  screw,  being 
used  for  S.S.,  but  has  the  deep 
notoh,    and    is    graduated   for 
reduced  charges.    1876. 


Nil. 


A.B. 

E. 


D. 


A. 

B.O. 

£. 
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Table  XXI.— Tangent  Sdal6  6t  Side  Sights  of  Medium  R.M.L. 

Guns.  — cona'nutfd. 


6r-1ir. 
of  64or  71ewti. 


MmUmtmi 


^pr.  6  tons. 
(Converttd). 


Bsmukfla 


■^■^ 


J^ote, — §  29S8  (1.)  There  are  at  present  six  claMea  of  the  abore-mentioned  guns,  tIz.  s — 
A.  e4.pr.  of  64  cwt.,  Mark  I.  (S.S.) 


B. 
0. 
D. 
E. 

P. 


n 
n 


„    II.  (S.S.) 
„  III.  (S.S.) 
„  III.  (L.S.  siege  train). 
71  cwt.  conyerted,  Mark  I.  ^L.S.  and  S.S.) 
„        68  cwt.  „     I.  (L.S.) 

(2.)  From  1865  to  the  present  date  therto  have  been  introduced  into  the  sH^rrice  for  lihese  natures 
of  guns  six  patterns  of  tangent  sights  and  fire  patterns  of  centre  hind  sights. 

(3.)  Tangent  sights  of  Mark  1.  when  returned  into  store  from  H.M.  ships  now  in  commission  will 
be  condemned,  tog^er  with  those  in  store  at.  home  and  abroad,  and  sent  to  Woolwich  as  oppor- 
tunities offer. 

(4.)  Tangent  sighte  of  ICarkd  II.  and  tlX,  at  present  on  board  d.M.  ships  will  remain  is  thej  aio 
until  the  Tcssels  are  paid  off.  Those  in  store,  together  with  those  returned  from  ships  from  time  to 
time,  will  be  sent  to  Woolwich  for  alteration  to  suit  the  guns  for  which  sights  of  Mark  IT.  can  be 
issued.  The  altered  siehts  will  resemble  those  of  Mark  IV.,  but  will  not'  be  brought  in  all  respects 
to  pattern.  Th67  will  be  distinguished  by  haying  the  Mark  '*  lY .*'  within  parentheses,  add^  to 
their  original  numeral }  thus  II.  ^Y.)  and  IIL  (lY.) . 
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TABLE  XXIL 


ta2iqcmt  soale  ob  side  s1oht8  of  sle^e,  firld,  mountaik,  and 

Boat  Guns. 
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B.M.L.  SIGHTS  AND  FITTINGS. 


TABLE  XXIL— Tangent  Scjllb  or  Side  Siqitts, 


Mark 

If 

hi 

40^. 

25^.: 

le-pr. 

•  i»-pr. 

•9-pr.8cirt.IJ9.I. 

•  »-pr.  8  cwt, 
SJS.II. 

of 

SIffhi. 

^.1 

f\ 

• 

I. 

n. 

Short. 

Long. 

Short. 

Long. 

Short. 

Long. 

f 

1 

a 

8  2478  % 
0^10  12* 

82864  \ 

0Ptol2» 

0°tol2' 

8  2221 
(Ptol2' 

^ 

{1920 
S2067. 

_ 

12743 
0*10  7' 

rtoi2' 

2 

— 

Faze  26 

Fiue26 

— 

Fiixe28 

— 

-^ 

.  ""  » 

— 

Face  17 

— 

I.' 

-{ 

CbaiKse 

Tlbt 

Tds.  4,000 

Charge 

7Ibt. 

Tdi.  4,000 

Tarili 
4,000 

Tarda 
4,000 

— 

— 

— 

Tarda 
2,600 

• 

— 

a 

• 

a 

• 

— 

— 

0»to«» 

• 

6»tol2» 

f 

— 

r 

a 

_ 

— 

— 

— 

8  2362 
i26S« 

— 

— 

— 

11.. 

— 

— 

— 

«^ 

Tarda 

2,400 

Tarda 
8,000 

— 

— 

— 

— 

— 

^■B 

— 

— 

O'to6' 

«X)tol2° 

— 

— 

b 

- 

— 

— 

- 

— 

— 

Faze  16 

• 

Faze  20 

— 

— 

r 

a 

— 

^m^ 

— 

— 

■" 

— 

— 

— 

— 

— 

HI.. 

^ 

"■- 

^ 

_ 

^ 

^■» 

■■■ 

"~ 

"" 

^~ 

^ 

k 

— 

— 

— 

— 

— 

— 

— 

— 

'- 

— 

— 

J 

a 

IV.. 

— 

■ 

* 

f 

12842 
OPtolft» 

V. 

• 

X 

FnlUOlta. 
Tds.  6,000 

• 

« 

Do.  Fuse 

34 

1 

a 

VI.- 

^        * 

— 

>Introdaeedinl876;   '1873;   •1919; 


h  ^^^hu1^^lS!^^S^  <'wlD.  to  tho  difbreat  radioa  vlth  which  theM  gona  an  dgfated. 

/  No  right  of  thla  pattern  haa  been  M^ed  ot  broed. 

ff.  The  deflection  head  OB  the  fight  giTetl'' left  and  4"  light. 
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SisGB,  Field,  Moumtain,  and  Boat  Guns. 

A  Mnzxle. 


*  9  pr.  6  cwt. 


6h0it. 


OP  tor 


F.  16 


Taidi 
2,400 


Lang. 


Io*tol2*» 


F.  20 


Tarda 
3,100 


*  9-pr.  6  cwt. 
L.S.  XI. 


Short. 


fsess 


Long. 


^7*pr.  200nw. 
Bronxe  II. 


Short. 


cases 

|2865 


Yards 
2,100 


ft  IMS 
<?»to8* 


••^C 


C.B.T. 


G.S.F. 


Long. 


•  7-pr.  160  Ibf.  (sted 
U.  and  III. 


Short. 


ft  1943 

k 
Tarda 
1,200 
Fuza  17 

k 
Tarda 
2,800 

k 
Faze  26 


Long. 


*  7-pr.  200  Iba.  (steel) 
IV. 


Short. 


long. 


0»to  10* 


}- 


Tards 
3.000 


0»  to  5*»  S**  to  12* 


Fiiael3 

.a 

ft  3071 

Tards 

2,100 

0«>to6* 

Faze  12 
I*. 


Faae20 
/ 


Tards 

3,500 

6°  to  l^ 

Faze  20 


51717 
O^tolO* 


10OtD20* 


6  OS. 
Tards  2,000 
C    Fuze  21 
D.  shell  4  OSS. 
Tards  1,100 
Fusel? 


2498. 
a»to8* 

12  OS. 

Tards  1,800 

C     Fuze  13 

8  0Z. 

Tards  1,700 

(.     Fuze  14 


{ 


C    D.  shell. 
2  Tards  4,000 
C     Fuze  12 


} 


( 


{ 


8»  to  12' 

Tards*) 
2,400  \ 

Faze  18  J 
Tards^ 
2,200  S- 

Faze  19^ 

Tards 

900 

Faze  19 


*  Howltzen. 


8-inch 

of 
46  cwt. 


6*3  Indi. 


6*6  inchi 


0otol5°0°tol6^ 


1^ 


•1869;   •1672;    "ISTO;    M874;    MSOS;   •  1867. 
/.  This  pattern  sight  has  its  ftize  gradoation  longer  than  the  prerioai  patteni. 
g.  This  was  for  Mark  I.  gun  whic  was  side  sighted. 
A.  These  graduations  added  in  KoTemher  1871. 

^  These  tangent  sights  are  central  though  not  feemad  central  hind  sights. 


J 
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Table  XXII. — ^Tangent  Scale  or  Side  Sights,  &bgb,  Eibld, 


Mnrk 

40-pr. 

26-pr- 

Ifl-pr. 

•  13-pr. 

•  9  wp.  8  cwt. 
L.S.I. 

•  »-pr.  8  cwt. 
SJ3  II. 

Sight. 

I. 

II. 

8tH>rt. 

Lpng. 

Short. 

Long. 

Short. 

Long. 

( 
1 

vn.-{ 

1 

1 
2 
S 

4 

] 

. 

f 

1 

y\\\' 

2 
3 

\ 

4 

• 

/ 

1 

IX.' 

2 
8 

4 

" 

1 

\ 

X,- 

2 
8 

4 
I 

XI." 

2 
S 

4 

• 

f 

Xll.^ 

1 
2 
8 

4 
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MouHTAiN  and  Boat  Guns. — continued* 


CHAP.  IX. 


*  9  pr.  6  cvt. 
BJ3.I. 


Long. 


I 


•  ft-pr.  6  cwt 
L.S.  II. 


Short. 


LODg. 


•  7-pr.  200  Ibi. 
BroDM  II. 


Short. 


Long. 


•  7-pr.  15C  Ibf.  (steel) 
II  and  III. 


Short. 


Long. 


•  7-pr.  200  Ibi.  (tteel)  IV. 


Short. 


Long. 


*  Howitzers. 


8-inch 
of46cwt. 


6-3  in. 


6-6  in. 


"S 


D.  S.  Ull».T«i.l,2(n. 
.SWel     Statu,    a    Km. 

„  ran  1 

D.  B.  U  nw.  Fou  B. 


D.  B.  rmi,  M  itH.  T<to. 

Batlg.  is  lis.  TdL  £,7(n. 
f*l.  S.  er  8.  i-  d.  S, 

t.aJS. 

■C.  B.  Fnll,  1«  JH.  Jit. 
•C.  S.  Foil,  11  lU.  Fnic 

,  1ft. 

D.  B.  FnH,  11  IbL  Fum 


^..'S 


Fun,  a  ii«.  Ml.  i,Mo. 

FBll,tltii.Ftii«lg. 


Fatl,Bllii.T^  2,000. 
B.niU,8lli«.FDHU. 


I  tin.      •)       »   u.aMa.siM.  m..ii_ 


uiq  «<n  pn*  linusd  it!«  nid  nn  )0  Mliqi  ma  n  i^  n  puiUB  ui  RamnpUt  wu  v 


7-inch. 


H  and  7  Tom. 


90-Cwt. 


f  I 

I 


64-Pounder. 


64-Cwt. 
Wrought  Iron. 


§  2993.        (')  h 

O'loir' 

r  Bedaced,  8  lUo.  Fuze 
1     13. 


i> 


,.Tdi.  2,000. 


Full,   10    Ibi.    Yds. 
2,&00. 


I*       11 


Fnzeie. 


_  Conrertod. 


82 


Should  be 
iasaed  with 
{See  note 
p.    . 


do.  for  this  gun 


F. 


•0°tol2« 

Full,  8  IhB.  Fuze  81. 
„    8tte.Tda.4,000. 


"^"^••^l  I 
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TABLE  XXIV. 


Wood  Scales  fob  RJM[.L.  Gum. 


(CO.) 


R.1I.L.  SIOBTS  IMD  FITTDIOS. 


1 

1 

2  II  1  1        Ml! 

i 

So. 

a  3i  .  .      1  ii   it   H 

t 

i 

s 

"-         ""                            ,^^    ,.^    ^^ 

.  {    ^i  •,           ttii^iti 

■>™"rawi»  1         -«,*^        „„        ,        ,| 

Is 

-l 

^          1 
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3 


3 


I 

8 


■ 

I 


^  =  53  =  5     iM 


iijj,    a»     ^^     f^    -*^    H 


o 


mS  jo 


I 


I  I 


d 


I 


£_     »•     ^ 


I 

3 


S 

MS 
I. 


s 


I 

8 


f       I 


OB 


I  ( 


I  I 


I  ( 


1^ 


(o.o.) 


r*         w 
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f 


I 


s 


I 

I 


1 


I 


I 


1 


1 
I 

i 
I 


Q  2 


ILUX.  8ISHT8  AND  irmSOt. 


M  §  I 

^    s  -s 


< 

s 
1 

11 
11 

'lonuaia  ^ml  'ftiiUHUd  ^*«!)B 

1  1  t  IH     1     — • 

ffl«* 

ip»la 

1 1 1 1-     1     — 

il 

!^6 

-in-H 

III,-     1     — 

-*pii8in(*-nii'iwi«»p™»« 

"INI      1      II 

■»iF««[»  "aiM  ■SnjiMMiI  lusjas 

••KldiBBloiid-pnfM 

-—III      1      II 

i 

3 

1 

If 

■•waiB 

1  12-1    »     II 

•Mp>q«X><iiog 

ll««l     "     II 

■»u|d-»>u 

1  I--I     -     II 

If 

-*wMq»>ii»iMl<>n 
jBiau  u|  jvd  pampul  mil 

ir-1     -     II 

11-1     -     11 

jpxi  <n'^^SS"i^d^H 

1  1  —  1     -     II 

'noinaaq  »i  '9ia  Icog 

1    1  Of  1      «       II 

1 

-tldnnO 

1  I«<1  1    1    II 

■noimnuj, 

1 1  — 1  -  II 

i 

•wqSp  SnpLjiiul  funs 

1  1  [''I    1    II 

It 
1^ 

'n>|i><q»agu  -m^wbi  poih 

n i-i    1    II 

aiCMUiu 

1 1  i-i    1    II 

-oopiDiiJi  jo|  -sX*  lioa 

1  1  l<"l     t     M 

■miuDiui  '^ni 

1 1  i«i    1    II 

Hill 

■»w*™»'w*»a 

—  II   1   II 

IHRugpnj 

r«i  1    1    II 

■npiiia  '»nij 

—-  -   1    1 1 

in  ■aoRnpi  iiij 

-.—  -   1    1 1 

mTouivfl  'i-pmB 

« 1 1    1    1    II 

an  jo|  uHinM 

"W     t     1     II 

MittWW'ttW 

««««»  «   1 ,. 

■WU'WM 

1 1 

a—'"    1  «» 

■W«1iH-3 

1——  -   1  1 

q:W«.Bl»I«I.13 

-«-'■"    1   «« 

oWia  ■«»!»« 

»«««-    1  — 

■•pnHH 

1  M  1  1    "     II 

-wpnnui 

»»»««     1    «« 

U(I|U1<B3 

„    _     1  1 

■piira  8Jn»o 

l>.—    _     1  1 

■.[BS«»»mx 

«»»•»          1         «H 

s^. 


Band,   bronie,   derrick, 
•eiewB  and  two  traits,  com 
See  Derrick,  bronse. 


Bearen,  thot  or  ihen  ... 
Bolts,  eye  (eae  Band,  bronae, 
Bolts,  iron,  elcTating  eye 

Ctrimnion  (* 
Brackets,  metal  \   sight ...  1 

Loentro  fore 
rn^mna    f  metal,  for  wood  BOB 
*^^*™P*   ImoTeablefortang 
Derricks,  bronse,   muzzle. 
Band,  bronze,  4  fixing  scro 

Onard,  metal.  Tent 

Pieces,  piyot  (for  eleTatinir 
with  plate,  elerating,  st«| 
pin,  and  screws. 
•»«-  imn   ("friction  tube 
^^^^  I  keep  piece,  plvo 


PiToti,  Steel,  for  eleyattng  ar   _ 


'iron,  fp[ilde     ••• 

rtop 

I  bottom 
Plates    metal,  ele- J  risht 
vatlng     ]  left 

I  muzzle 
^.breech 
metal         f  ri^^ht 
index 


{2?." 


^presening,  muzzle  i 

'2^inch 
Prickers,  priming 
steeL 

Beader  for  Index  f  rii 

plate 
Scalee    fwood  ... 
tangent  (.wood,  side 

Screws,  copper,  set  {jj^*^*"^, 

nSand  (see  Band,  bronze, 
bracket,  trunnion,  sight 
do.     centre  fore  sight 
centre  fore  muzzle  sight 


I 
a 

i 


eletating  plate 

guard,  vent 

plates,  index 
reader  for  index  plate 

sights  on  connterweighti 
carriages,  Mark  I.       J^ 


do. 


Marie 


g 


K^^v«*  f  trunnton  sig 
bracket  (centre  fore 

centre,  fore,  muzzle 


T-prs. 
200  lbs. 


Howitaan. 


LJ3. 


S.S. 


9 


L.S. 


L.S. 


•  I 

I  — 


I 
L.S. 


L.S. 


5'B 


203 

209 
218 
218 

243 
243 


267 


281 


284 


285 
285 


288 
288 
289 


296 
296 


299 


300 


316 
816 


300 


I 


:281 
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BemaxkB. 


For  guns  moq^ted  en 
barbetce^l2-6"  g«n, 
Mark  L,  12«  36  tons 
I.,  11"  U.,  10«  I.  and 
11^  9'  I.  and  9"  II., 
III.,  IV.,  and  V. 


C  For  guns  not  mounted 
\    bei4nd  iron  shields. 

When  mounted  on 
gun  boata  of  the 
^•Blazer"  olasi. 


{ 


{*  When  mad  asaiege 
ordnance, 
t  For  Mark  m.  gun. 

*  When  used  for  siege 
ordnance. 

t  For  Mark  III.  gun. 

*  When  used  for  siege 
ordnance. 

t  For  Mark  III.  gun. 


{ 


fFor  OTerbank  car- 
riages. 

*9-pr.  6   cwt.    8.S. 


C»9-pr.  6 
1    Mark  I. 


r^fryr.    6  cwt.    S.B. 


*  When  used  as  siege 

ordnance, 
t  Fior  Mark  III.  gon. 


^  16-pr.  guns  and  np- 
wurds  have  two  of 
these  screws,   but 
being  fixed  in  the 
gun  are  considered 
part  of  it. 
*9-pr.  6  cwt.  S.S.  I., 
and    attacties    the 
,    preservingpatoh, 
♦  9-pr.  8  cwt.  S A 
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CHAPTER  X.  CHAP.  X. 

MANUFACTURE  OF  R.M.L.  CONVERTED   GUNS; 
THEIR  SIGHTS  AND  STORES. 


Barly  attempt*  to  oonTert  SiB.  into  Rifled  Ghms. — PaUiser  method  preferred 
and  adopted  in  1868. — Nature  of  S.B.  pieces  oonrerted. — Mode  of  conversion, 
taking  the  8-inch  S.B.  as  an  example. — Boring  out  the  S.B.  piece. — Manufacture 
of  wrought  iron  hcurel. — A  tuhe,  B  tuhe,  gae  escapOi  how  formed. — Insertion  oi 
harrel  into  casing. — Securing  the  same  in  its  place. — Completion  of  gnn. — Rifling 
with  plain  groove. — ^Ventlnff,  different  from  that  of  built  up  guns. — Operation  of 
Tenting. — Proof  and  examination. — ff-pr.  of  58  cwts.  conrerted.  — Conrorsicn  of 
68-pr.  S.B.  into  f|-pr.  R.M,L.  of  6  tons. — Siffhtinflr  of  converted  gwam, — The 
two  heayier  natures  side-sighted. — ^Wood  scales  used. — ^Fittings  and  small  stores. — 
Brackets  for  adb  and  centre  fore  sights. 


CONYEBSION  OP  S.B^  INTO  RiFLED  OuNS. 

When  rifled  guns  came  into  use  there  existed  in  the  armament  of  all  cJonrersion  of 
nations  a  number  of  S3,  cast  iron  guns,  and,  for  the  sake  of  economy,  s.B.  into 
it  was  attempted  to  turn  them  into  rifled  pieces.    The  material,  how-  rifled  guns, 
ever,  was  found  too  weak  of  itself,  and  different  modes  of  strengthening 
the  guns  were  tried 

As  early  as  1855  attempts  were  made  to  strengthen  such  guns  by  ^^jy 
encasing  them  in  rear  of  the  trunnions  with  a  wrought  iron  or  other  experiments, 
jacket,  and  betweeh  that  date  and  1863  various  plans  of  this  and  other 
descriptions  were  tried  unsuccessfully.  In  that  year  Major  (now 
Sir  William)  Palliser  proposed  to  line  cast  iron  guns  with  coiled 
iron  barrels,  fitting  comparatively  loosely  into  the  casing  until  expanded 
by  the  heavy  proof  rounds.  This  method  appeared  to  be  more  promising 
than  any  previously  tried,  and  was  moreover  founded  upon  correct 
principles,  the  stronger  material  being  placed  next  the  charge. 

Several  guns  converted  on  the  PalBser  principle  gave  very  fair  results  paiUser's 
upon  trial,  and  showed  themselves  more  powerful  pieces  than  the  system, 
smoothbores  from  which  they  were  made.  It  was  consequently  deter- 
mined to  convert  a  large  number  of  S.B.  ordnance  in  this  way,  for 
although  such  pieces  would  be  much  inferior  to  built  up  Woolwich  ord- 
nance, yet  where  the  range  was  limited  and  there  were  no  iron  plates 
to  pierce  they  would  prove  useful. 

The  O.S.C.  proposed  several  natures  for  conversion,  but  it  was  finally  Natures  of 
decided  that  only  the  following  natures  of  S.B.  guns  should  be  converted.  S-B.  pieces 
They  are,  as  will  be  seen,  those  of  the  newest  and  best  construction  «>nyerted. 
amongst  S.B  cast  iron  guns,  viz. : 

68-pr.  of  95  cwts.,  SJB.,  into  80-pr.  ILM.L.,  of  5  tons. 

8-mch  of  65         >»    ,    n  1         e4.nr  71  cwts. 

(throwing  50 lb. shell)/   "    ^*  P^'      »'         ^i  cwts. 

82-pr.  of  58  cwts.,  S.B.        „     64-pr.      ,,         58    „ 
The  mode  of  conversion  consists  in  boring  out  the  old  gun  and  Mode  of 
making  a  wrought  iron  tube  to  fit  the  casing  thus  prepared ;  this  tube  conrersion. 
is  slightly  smaller  than  the  bore  of  the  casmg,  ana  is  pushed  into  it 
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CHAP.  X.     without  mach  force  being  necessary.*    When  fitted  into  its  place  it  is 

secured  there  by  means  of  a  cast  iron  collar  screwed  into  the  muzzle 

end  of  the  casmg  over  a  shoulder  on  the  end  of  the  tube ;  a  wrought 
iron  plug  is  also  screwed  through  the  casing  underneath  and  into  the 
barrel,  preventing  any  chanoe  of  the  latter  shifting  round 

The  principles  of  conversion  are  identical  in  all  cases,  though  the 
dimensions  differ  somewhat;  we  will  therefore  describe  in  detail  the 
conversion  of  an  8-inch  gun. 

Conversion  ofS'inch  SJB,  of^  cwL  into  64-^.  71  cwt. 

The  cast  iron  gun  is  roughs  second  and  finished  bored  to  10"*5  dia- 
meter, gauged,  and  horseshoe  gauges  prepared  for  turning  the  A  tube. 
A  variation  of  +  0"*1  is  allowed  in  the  diameter  of  the  bore  of  the  cast 
iron-casmg,  but  should  there  be  any  difference  in  the  diameter  at  one 
§  1752.  part  or  another  it  must  result  in  a  taper  from  muzzle  to  breecL    The 

play  between  the  tube  and  the  casing  is  not  allowed  to  exceed  0"*007 
for  a  length  of  24''  from  the  breech  end,  and  (K'-015  for  the  remainder 
of  the  length. 

The  muzzle  is  recessed  and  threaded  for  the  cast  iron  collar  (the  use 
of  which  is  to  keep  the  tube  in  position),  and  the  gas  channel  is  bored 
through  the  breech.  This  is  under  the  cascabie  in  the  first  212  guns 
converted  at  Elswick,  and  in  all  the  others  is  to  the  right  top  of  the 
cascabie  so  as  to  be  clear  of  the  breeching  rope 

A.  TUBE 


The  cast  iron 
gun. 


TUBE  CUP  PLUG  COLLAR 


I 


A  tube  of  The  coils  for  the  tube  are  made  entirely  of  departmental  bar  iron 

wrought  iron,  specially  prepared  by  being  put  three  times  througn  the  rolling  mills. 
The  tube  is  formed  of  five  coils  united  together  in  the  usual  manner, 
and  is  rough  and  fine  bored  to  6"'2d8  diameter,  and  the  recess  in  the 
breech  cut  and  tapped  for  the  wrought  iron  cup.  The  cup  for  closing 
the  breech  end  of  the  barrel  is  forged  and  stamped  into  shape  under  a 
steam  hammer.  It  is  turned  inside  and  out  and  a  screw  cut  on  the  ex- 
terior with  a  thread  of  five  to  the  inch.  It  is  then  screwed  tightly  home. 
The  tube  in  this  state  is  proved  with  water  pressure  of  120  lbs.  on 
the  square  inch  to  ascertain  that  the  cup  fits  tightly  and  that  there  is 
no  leakage.    The  breech  end  of  the  A  tube  is  then  turned  over  a  length 

Gas  channel,  of  32''  for  the  B  tubef  previously  bored,  and  a  spiral  gas  channel  0''*05 
deep  and  0"*1  wide  is  cut  round  its  exterior  communicating  with  the 
star  grooves  cut  in  the  end  of  the  barrel,  and  the  gas  escape  through 
the  cast-iron  breech. 

£  tube.  ^^^  ^  ^^^  consists  of  two  coils  united,  and  being  rough  turned  to 

10"'75  and  finished  bored  to  8",  it  ia  shrunk  on  with  0''*003  shrinkage 
in  the  diameter.    The  tube  is  made  double  at  this  part  in  order  that  the 

*  After  proof,  howereri  the  barrel  beine  permanently  expanded^  fits  tightly 
against  the  interior  of  the  casing.  This  is  clearly  shown  when  it  is  attemptMl  to 
force  out  of  its  casing  a  tube  oondenmed  at  proof,  which  is  done  by  hydraulio  pres- 
sure applied  from  breech  end. 

t  Tlus  must  not  be  confounded  with  the  **  B  tube  "  of  a  wrought  iron  gun  whioh 
forms  the  chase,  while  in  oonverted  guns  it  goes  over  the  breeoh  end  of  the  A  tube. 
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gas  may  escape  through  the  gas  channel  without  bursting  the  gun  in 
the  event  of  the  inner  layer  splitting.  The  whole  tube  is  then  rough 
turned  and  the  bore  broached  to  6 "'29*  and  examined,  after  which  the 
exterior  is  fine  tumec'  to  fit  the  cast  iron  casing  with  the  requisite 
amount  of  play. 

The  tube  is  now  fitted  into  the  casing,  the  greatest  care  being  taken 
that  the  breech  end  bears  fairly  against  the  cast  iron ;  the  curved  part 
of  the  end  of  the  barrel  is  described  with  a  longer  radios  than  the 
corresponding  curve  in  the  cast  iron  so  as  not  to  be  in  contact  with  it 
at  that  part.  The  space  thus  left  between  the  two  prevents  the  tube 
acting  as  a  wedge  to  split  open  the  cast  iron.  When  the  tube  is  pro- 
perly adjusted  a  cast  iron  collar  is  securely  screwed  into  the  muzzle 
end  of  tne  casing  and  over  a  shoulder  of  the  tube. 

A  hole  1"*25  in  diameter  is  drilled  through  the  cast  iron,  and  a  short 
distance  into  the  tube  at  29"  from  the  tnmnioDJS  under  the  chase,  and, 
being  tapped,  a  wrought  iron  pin  is  screwed  in  to  prevent  the  tube 
from  shifting  round. 

The  muzzle  of  the  gun  is  then  cut  and  faced,  and  the  bore  lapped 

and  rifled.  - 

64-pr. 

■srj^  Jf.L,  Converted  Gun,  of  71  cwt$.  LJS.  and  S,S. 

Scale  -^lad. 


CHAP.  X. 


Patting  the 
gun  together. 


Cast  iron 
collar. 


Wrought  iron 
pin. 


§  1752. 


A— 


The  gun  is  rifled  in  the  sune  machine,  and  in  a  similar  manner  to 
other  RMJi.  guns,  but  the  groove  is  the  plain  groove  of  section  below,  Plain  groora. 

as  mentioned  at  p.  45. 

UoLisa.    Soale  -^th. 


•  The  permanent  expansion  of  th«  bore  caused  by  firing  heaTy  proof  round 
brings  it  up  to  the  proper  calibre  of  6  '*S. 
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VerUitig. 
The  vent  patch  is  removed,'  as  it  would  interfere  with  the  lanyard 
when  used  through  the  guide  plate  on  S£,,  and  the  old  vent  closed  with 
a  wrought  iron  screw  plug,  a  new  vent  being  drilled  a  little  from  the 
breech  end.  This  is  bushed  permanently  before  proof  with  a  "  through 
vent "  (seven  threads  to  the  inch)  of  hardened  copper  screwed  through 
the  barrel  into  the  breech  cup,  and  perpendicular  to  the  surface  of  the 
cup,  I  «.,  at  an  angle  of  12°  25'  to  the  vertical.^  The  lower  thread  of 
the  screw  in  the  gun  is  cut  away  and  the  end  of  the  vent  is  set  up 
into  the  recess  thus  formed.^ 

COHTBBTBD  H.L.  OuKS,  Tbhtiks.    Scala  |. 


The  process  of  voting  is  as  follows  (vide  Plate  on  next  page  for 
tools  mentioned) : — g 

The  thread  of  the  through  hush  is  turned  oS  for  a  length  of  about 
^  inch,  and  the  bush  is  then  screwed  in  by  hand  by  means  of  a  lever 
wrench.  To  insure  that  only  the  required  amount  projects  into  the 
bore,  a  "  block  stop  for  vent "  is  passed  into  the  chamber.  This  is  an 
iron  block  attached  to  an  iron  bar,  and  having  a  portion  slotted  away 
of  the  depth  sufficient  for  projectmg  part  of  the  bush  to  fit  into  i  the 
bar  is  kept  in  centre  of  the  bore  by  means  of  two  wood  discs. 

When  the  end  of  the  bush  cornea  in  contact  with  the  bottom  of  the 
slot  OD  the  "  stop  block,"  the  operation  of  screwing  is  discontinued,  and 
the  projecting  copper  "  upset "  into  the  recess  as  follows. 

A  split  head  or  "  expanding  block"  of  wrought  iron,  fitting  the  shape 
of  the  chamber,  is  pushed  up  into  the  latter  by  means  of  an  inm 
"  txtTocting  hook ;"  mto  that  part  of  the  block  immediately  under  the 
copper  bush  a  piece  of  hard  steel  is  dovetailed.  As  iron  tube  called 
guide  cylinder,  the  inner  and  of  which  fits  over  the  "  expaodlng  block  " 
is  next  pawed  iip  the  bore,  and  through  this  guiding  tube  is  passed  a 
solid  iron  wedge,  which  b^g  forced  into  the  "  split  head  "  or  "  expand- 
ing block"  presses  out  the  sides  of  the  latt«r,  and  ao  sets  up  the 
copper  into  the  recess  in  the  cup.    The  wedge  is  at  one  end  of  a  stout 


£"■'• 


8-inch 

t  With  fj-pr.  and  M-pr-  tha  hole  oaad  for  the  old  Tent  biwh  in  iwed  tor  Teatbg 
and  the  Tenbi  are  thsrefore  iDclined  at  the  Mine  an^e'  (Irom  Si"  to  10^  ai  in  Qm 
b.A.  guns  from  which  tbej  ir«re  cODTerted. 

{  The  fint  207Kun>  oonrerted  >t  iHawick,  tram  8"  gnn,  had  a  TSntbnih  1" 
diunetor,  IE  thNAdg  to  the  inoh,  but  when  thej  require  ra.renting  it  wi  be  with 
(he  Berrice  bush. 

g  A  lilt  of  the  apeoiil  tooU  reqoired  for  thli  opeiatian  and  that  of  re-Tenting  ii 
eiTen  at  p.  SS2,  Chapter  XII.  At  present,  (nch  lata  of  «peoial  tools  hare  only  been 
uaued  to  Fortemoath,  Malta,  Hong  Kong,  and  EeqoimauU,  and  also  to  the  Fuiphip 
of  our  Mediterranean  6c[uadron. 
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SPECIAL  TOOLS   TO  DC  EMPLOYED    IN  RE-VENTINC       CONVERTED       GUNS. 


SCALC         .^...9     I     f    ?    t    ■    f  !tf 

HOOK  FOR  INSERTING  AND  EXTRACT1WQ  BUOOKS 


(sM'-^-- — ( [ 


] 


j^^.,.'„i „a'- *S 


EXPANDING  BLOCKS. 


I 


t 


tl^3E^^ 


J»WDBCVUWP£H  FOR  KEEPINO  BLOCKS  IN  POSITION  . 


trsTssi 


w 


3l 


WEOQE. 


m 


J L 


JB 


DIte    rOA  5T0P  BLOCK 


'  9  • 

.J 


H/IMMER  MONKEV. 


J[ 


SS'S 


EYE -BOLT   FOR      MONKEY. 


RiGiF.  It7«.  W4,0. 


BLOCK  STOP  FOR    VENTS. 


COLLARS  (WOOD)  FOR  ROD  OFSTOP BLOCK 


^4 JU 


^„_^  ,■■■■„  ^....^ 


COLLARS  (WOOD)   FOR  WEDGE. 


TRUNNION     BYE-BOLT. 


'70 


J 
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CHAP.  X. 
H. 


E.I. 

F. 

G. 


Proof  and 
Fize-proof. 


Waterpfoof. 


Wrought  iron 
,cap. 

BemoTinga 
tabe  from  its 
caaing. 

lining  and 
sighting. 


§2066. 
Tenting. 


iron  bar,  the  outer  end  of  which  is  strack  by  a  ^^  hammer  monkey"  worked 
by  two  or  three  men,  as  a  considerable  amount  of  power  is  required  for 
the  setting  up  of  the  hardened  copper  bush.  This  hammer  is  slung  from 
an  iron  triangle  gyn,  10  feet  high,  or  a  small  service  gyn  will  answer. 

To  keep  the  bar  to  which  the  wedge  is  attached  in  the  centre  of  the 
bore  it  passes  through  a  ^'  wood  collar,"  and  also  through  the  centre  of 
a  "  cross  bar"  in  front  of  the  muzzle,  which  is  retained  in  position  by  a 
frame  consisting  of  two  rods  with  loops  fitting  over  the  trunnions  and 
seaured  by  nuts  and  screws  to  the  ends  of  the  collar. 

When  the  copper  is  sufficiently  "set  up,"  the  bars  are  loosed  from 
the  collar  and  tne  latter  removed.  The  wedge  and  cylinder  guide  are 
then  withdrawn  and  the  expanding  block  removed  by  the  extracting 
hook  after  which  a  gutta-percha  impression  is  taken  of  the  bottom  of 
the  vent  to  ascertain  if  the  operation  has  been  performed  completely ; 
in  that  case  the  copper  should  still  project  into  the  bore  for  about 
0-05  inch. 

Proof  and  ExamiTialton. 

These  guns  are  proved  like  other  RM.L.  ordnance  with  two  rounds, 
1^  service  charge  and  service  projectile,  and  the  expansion  caused  by 
proof  must  not  exceed  certain  limits,  No  part  of  the  bore  before  proof 
is  allowed  to  be  more  than  0'''02  under  the  gauge  (6"-29)  nor  0"'04 
over  that  gauge  after  proof.  After  proof  the  guns  are  gauged,  ex- 
amined with  gutta-percha,  and  again  tested  with  water  pressure  of 
120  lbs.  on  the  square  inch  to  see  tibat  the  breech  is  still  perfectly  tight 

Owing  to  the  defects  inherent  to  wrought  iron  as  a  material  for  the 
inner  barrel  of  a  gun,  converted  guns  not  imfrequently  fail  at  proof, 
generally  speaking  through  defects  in  the  wrought  iron  cup  which 
closes  the  end  of  the  breech,  though  sometimes  the  tube  itself  splits. 

Should  a  tube  fail  it  is  forced  out  of  the  casing  by  hydraulic  pressure 
applied  to  the  breech  end  ;  the  nozzle  of  the  hydraulic  apparatus 
being  passed  through  the  gas  escape  channel,  which  is  enlarged  for 
this  purpose. 

If  the  gun  pass  proof,  however,  it  has  now  to  be  lined*  and  sighted. 

These  operations  are  performed  as  in  the  case  of  other  R.M.L.  guns 

(vide  pp.  179, 180),  except  that  the  sockets  for  the  fore  sights  are  not 

fitted  into  holes  bored  in  the  metal  of  the  gnn  but  into  gun  metal 

brackets  which  are  themselves  secured  to  the  piece  by  two  screws. 

64 

-—-or  RJfJj,  Oun  L.S.  of  bS  cwts. 

The  method  of  conversion  of  these  guns  is  identical  with  that  just 
described.    They  are,  however,  only  sighted  centrally. 
They  are  vented  in  the  original  position,  and  those  guns  which  had 

Scale  -^nd. 


*  The  Tertical  line  on  muzzle  is  extended  orer  the  oaat  iron  caaing,  so  a«  to  show 
any  shiffcing  of  the  tube. 
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six  thi«ad  bashes  *  as  S^  pieoes  ne  re- vented  with  bushes  of  the  same     CHAP.  X. 

thread,  tiiis  diver^oe  from  the  pattern  beiQg  stamped  on  the  vent  field.         

The  vent  patch  is  Dot  removed,  these  gimsMng  intended  for  L.S.  only. 

80 

■^■pr.  B.M.L.  Gun  L^.,  of  5  tons. 

The  conversion  of  these  guns  is  identical  with  that  of  the  64-pr.  of  s  3E20. 
58  cwts.,  bnt  the  rifling  ia  on  the  "  Woolwich  "  system,  the  width  of 
the  groove  being  l"-8  and  depth  0"-146, 

They  are  vented  the  same  as  the  58-cwt.  gan,  and  gmis  having  six  Tenting. 
thread  boshes  ore  re-bnshed  with  the  same. 

They  are  for  LS.  only. 


r^Wll 


Sights. 
The  80-pr.  of  5  tons  and  64-pr.  of  71  cwt.  are  side  sighted  and  so       , 
have  two  tangent  scale  sights  and  two  tnmnion  sights  as  shown  below.   68 
The  tangent  scale  sights  are  similar  to  those  described  for  other  R.M.L.  B  tons  and 
guns  of  5  tons  and  upwards  (vide  p.  183),  i^.,  are  provided  with  the  ^jzSLof 
deep  notch,  and  have  no  small  elevating  nut.    The  trunnion  sights  are  ^  ''"^ 
high  and  of  the  drop  pattern,  and  are  fitted  to  the  gun  by  gun  metal  '^  ""'*■ 
brackets,  to  avoid  boring  into  the  cast  iron  casing. 

Sighting  of  64-pr,  of  71  cwt.  and  80-pr.  of  5  tons. 
SiaBmto.    Soale  ^^th. 
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64-pr.  gunB  of  58  cwt.  converted  previons  to  1877,  were  sighted 
centrally  and  provided  only  with  two  sightB,  a  centre  hind  sight,  (hexa- 
gonal and  witil  plun  head  similar  to  the  built  up  64  pr.  of  64  cwt.)  and  a 
centre  fore  si^t  of  drop  pattern  fitting  into  a  gun  metal  bracket.  Since 
that  date  and  for  future  converBion,  the  gun  will  be  provided  with 
three  eights.  These  coosiBt  of  a  long  hexagonal  centre  hind  sight 
graduated  up  to  12  degrees,  and  provided  with  a  cross  head  and  sliding 
leaf  for  deflection  (vide  Mark  VI.  p.  226).  The  centre  fore  tngbt  is  as 
before,  while  the  muzzle  eight  is  a  small  screw  sight,  fixed  in  a  recess, 
cut  in  the  swell  of  the  muzzle. 

The  angle  of  derivation  of  Mghts  for  all  converted  gaaa  is  2°  16'. 
(For  detwb  of  graduations,  &a,  see  Table  p.  226). 

Ordnanct  Ca»t  Iron  R^J^.  Converted  Mrpr.  58  ctat. 
G-iKBKUi  Aaauiaiifnri  ov  Siqet*. 

TT' 

V  


■^^rizzrqpi 


BiSHT,  OxxTBB  HDn>.  SioBT,  Obvtbb  roBB. 
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Besides  these  sights  the  64-pr.  of  71  cwte.  S.S.  is  supplied  with  the     OOAP.  Z.  < 
wood  Bide  scale  shown  below.  ^^ 

yrooD  SiDK  Scui.    BcaU  Ith. 


li 


.Small  stores  andjUtinga. 

The  foUowiug  are  the  stores  belonging  to  these  gtms  as  mentioned 
In  Table,  p.  231. 

Bearert,  shot  or  ahtlL 
For  the  80-pr,  guns  only. 

Braeietg  right  and  left  hand. 

These  are  of  gun  metal  and  attached  to  cast  iron  casing  of  the  jfon  §§  ifssjaoM 
hy  two  screws,  and  contain  the  socket  for  the  drop  trunnion  sightsi  SSSO.    . 
To  bore  holes  in  the  cast  iron  casing  for  these  sockets  would  weaken  it 
too  much.    They  are  for  the  SO-pr.  b  tons  and  €4-pr,  71  cwts.,  and 
must  be  removed  when  the  gun  is  required  for  transport. 

Bracket,  centrt  fore  sight. 

This  is  similar  to  the  above  bracket,  but  only  for  the  64-pr.  (8  owt.  S  8068. 
for  its  centre  fore  drop  sight,  and  attached  to  the  second  reinforce  by 
two  screws.    It  must  be  removed  when  the  gun  is  required  for  trans- 
port. 

Clan^g,  ntovtable,  for  tangent  sight. 

Are  of  gun  metal  and  are  for  the  f 
cwt^  see  p.  138. 


i-pr.  5  tons,  and  61-pr.  of  71  |J  114^1867. 


OHAF.X, 
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Guide  plates. 


I QQQ^  Are  of  steel,  attached  to  the  right  rear  of  the  vent,  and  the  pattern 

is  universal  for  all  S.S.  guns,  see  p  205.  The  80-pr.  5  tons,  and  64-prs. 
of  71  and  58  cwts.  are  prepared  for  the  reception  of  this  fitting  in  the 
event  of  the  guns  being  required  for  S.S. 

Pww,  iron^  friction  hd^e. 

1 1X41,  This  is  attadied  to  the  left  front  of  the  vent,  and  is  of  wrought  iron 

case  hardened,  and  the  pattern  is  universal  for  all  S.S.  g^uns.  For 
further  remarks  see  heading  above. 

Pricker^  'priming  iron, 

17  inches  long  and  serve  to  prick  the  cartridge.    AH  the  converted 
i  1212.  g^jn^  use  it. 

Screws  fixing. 
See  Brackets  and  Sockets. 

Screws,  preserving. 

These  fin  up  the  holes  occupied  by  the  brackets  for  the  sights  when 
the  guns  are  dismounted,  and  also  the  holes  for  the  friction  tube  pin  and 
guide  plate  when  the  piece  is  in  use  by  tiie  L.S. 

Sockets^  metaL 

Centre  hind  sight  with  set  screw  for  64-pr.  58  cwt.  and  let  into  a 
§  1481,  hole  being  fixed  by  a  screw.    It  must  be  removed  when  the  gun  is 

required  for  transport. 

Spikes. 
Common  and  Spring.    Vide  Table  p.  231. 

Wrenchy  pin^  friction  tube. 

g  12L8w  ^^^^  wrench  for  the  converted  guns  is  required  to  screw  or  mncrew 

the  friction  tube  pin^  guide  plate,  ajod  the  fixing  and  preserving  screws. 
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CHAPTER  XL 

MFLED  M.L.  ORDNANCE  IN  THE   SERVICE,  AND      xsmr.XL 

REMARKS  UPON  THE  SAME. 


I>iffeTent  OliMflM  of  "RXJli,  Oirdnanott. — Moantain  or  Boat,  Meld,  Siege 
Medium,  and  Heayy.' — Qenenl  remarks  as  to  emplojnoient.^-Marks  or  pattema. 
--€k8  escapes. — Exterior  f6rm.-^Hountid2L  tft  Boat  Gtin*. — 7>pr.  of  fiye 
different  patterns.— Z^eld  Chuia. — ^Eour  natures  of  9-prs.,  16-pr.  guns. — Siea^ 
^eoes.-^Light  and  Heayy  6'3-ineh  and  8-inok  howitzers,  25-pr.,  40-pr.,  and 
64-pr.  guns  of  latest  pattern. — ^Kedluxn  8tuis.~OonTerted  and  other  64-pr.  and 
BO-pr.  guns.-^7-inch  of  90  cwts.-^Heavy  Qtuui. — Different  natures  of,  7*-inch) 
8-inch,  and  9-inch ;  two  patteniB  of  lO-inch  and  ll-inch  giuu.— 12-inch  guns  of 
25  and  36  tons. — 12'6-inch  of  88  tonB.-^13*05-iBch  gah  pinotioallj  obsolete.-^ 
Bzpezlinantal  Pieoes. — ^16-inch  gun  of  80  tons. — ^Rifled  howitzers. — 13- pr.  iield^ 
gun. — ^Table  of  B.M.L.  Ordnance,  nith  dimensions,  rifling  &c. 


Classes  of  E.M.L,  Ordnancs, 

The  general  mode  of  construction  of  the  guns  now  manufactured  B.M.£f. 
has  been  explained'm  Chapter  YIIL,  and  in  the  foUowing  chapter  will  ordaaBoe. 
be  given  the  details  of  construction  of  all  our  existing  KMIa  pieces, 
including  some  natures  which  are  fltill  in  the  service  but  of  which  na 
dore  will  be  manufactured. 

Our  RJ^.L.  ordnance*  may  be  divided  into—  OlasMficafio*. 

(1.)  Mountain  or  Boat  Guns, 

7-pr&  of  150  to  224  lbs.  Mountun  «r 

l>oaU 

(2.)  Fkldy  Beaty  or  Field  Marine, 

9.pra.  of  6  or  8  cwts,  j,.^^,  hoat,  w 

16-pn  of  12  cwts.  ^d  maiuie* 

(3.)  Siege  or  Position* 

25.pr.  of  18  cwts.  Siege  ©r 

40-prs.  of  94  or  85  cwts.  positioa. 

64-pr.  (Mark  III.  with  steel  tube)  of  64  cwts. 
6*d-inch  lK)witaer  of  18  cwts. 

^  >»  7t  46         jy 


*  Vide  table,  p.  291,  for  list  with  dimensions. 
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Medium. 


(4.)  Mediunu 

64-pr.  built  up  (except  Mark  III.  with  steel  tube)  of 

64  cwts. 
64-pr.  converted  of  58  cwts.  &  71  cwts. 
80-pr.        „  5  tons. 

7-inch  of  90  cwts. 


He»Ty. 


§§  899, 1081. 


Sidge  dd' 
nanoe. 

Field,  boat  or 
Field  marine. 


Boat  or    • 
momitain. 


(5.)  Heavy. 
7-inch  of    6^  and  7  tons. 


8     „ 

9    tons. 

9     « 

12      „ 

10      „ 

18      „ 

11      ,. 

25      „ 

12     „ 

25  and  35  tons. 

12-5  „ 

38  tons. 

16      „ 

80    „ 

17-72-mch  of  100  tona. 

(hneral  Remarks. 

Patterns  of 
guna. 


Before  entering  into  the  details  of  the  various  natures  it  may  be  well 
to  make  some  general  remarks  as  to  R.M.L<  service  ordnance. 

(1.)  As  to  Use. — For  S.S.  only  we  have  the  7-inch  of  6J  tons  and  of 
90  cwts.  as  well  as  the  64-pr.  built  up  gtms,  except  such  as  are  appro* 
priated  for  siege  purposes. 

80  64 

The  7-in.  of  7  tons,  the  ^-pr.  6  tons  and  ^g-pr.  68  cwt  converted 

Do  92 

guns  are  meant  for  L.S.  only.    All  other  heavy  g^uns  are  used  both  for 

L.S.  and  S<S.  ^^ 

All  the  siege  pieces  or  guns  of  position  are  L.S.  Where  gtms  of 
that  size  womd  be  employed  for  S.S.  as  deck  guns  or  otherwisd,  20-pr. 
and  40-pr.  R.BXi  are  generally  used. 

For  Meld  service  we  have  the  9prs.  hS.  of  6  and  8  cwt.  respectively 
and  the  16-pr.  For  heavy  boat  service  or  field  marine,  the  9-prs.  SA 
of  6  and  8  cwt* 

For  boat  or  mountain  service  we  have  the  small  7-pr.  guns,  which 
are  L.&  and  SS. 

(2.)  Marks  or  Patterns  of  Guns. — As  explained  at  pp.  161, 162,  all 
buut  up  Woolwich  guns  below  the  9-inch  are  now  made  on  the  Fraser 
construction,  with  one  layer  of  metal  over  the  breech  end  in  the  shape 
of  the  jacket,  the  7'^  Mark  lY  and  reduced  7-inch  of  90  cwts.  excepted 
(vide  p.  169)«  The  different  marks  of  such  guns,  therefore,  onlv  differ  in 
the  manner  in  which  the  B  layer  of  metal  is  put  on,  as  in  the  40-pr., 
or  in  length  or  other  dimensions,  as  in  the  9pr. 

In  the  case  of  the  heavier  guns,  however,  where  there  is  more  than 
one  construction  on  which  the  guns  were  formerly  manufactured,  the 
following  table  may  be  useful,  as  it  shows  in  a  condensed  form  the 
various  patterns  of  guns  in  use.  All  these  guns,  it  will  be  seen,  are 
now  made  on  the  Fraser  principle,  with  either  one  or  two  layers  of  iron 
over  the  steel  tube. 


*  Moet  of  theae  latter  have  been  altered  from  the  L.S.  Mark  L  9-pr.  of  8  cwta. 
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TABLE  XXVI. 

Tabijb  showing  the  Construction  of  the  Various  Marks  of 
BUILT  UP  M.L.  Guns,  64-prs.  and  upwards.! 


19'ature. 

Original 
Construe- 

Fraser 
Modifi- 
cation with 
Forged 

Fraser 
Modifi- 
cation with 

Fraser 
Modifi- 
cation with 
Two 
Lavers, 

Bemarks. 

VMMJUy 

pp. 

Breech- 

• 

One  Lajer 

piece, 
pp. 

pp. 

•      • 
pp. 

•  These 

Mark. 

Mark. 

Mark. 

Mark. 

are  now  the 

C4-pr.,  64  cwt,           •  • 

I§ 

II.§ 

III.*§ 

— 

service  pat* 

7-inch,  90  cwt. 

I.f 

— 

terns  for  fu- 

7-inch, 61  or  7  tons  . . 

I-i 

n.§ 

III.t 

iv.n 

ture  manu- 

8   „       9  tons 

I§ 

II.  II 

III.«f 

facture. 

^    „      12    ., 

I§ 

ll-T 

III.f 

IV.,  v.^ir 

II  lion 

10  „      18    „ 

— 

LIT 

ii.*f 

iuhes. 

11  „      25    „ 





I.f 

ii.n 

If  Steel 

12  ,.      25     „ 

I.T 



• 

ii.^f 

tubes. 

12-inch,  85  tons 

— 



— 

i.*f 

§  Some 

12-5  inch,  88  tons      . . 

— 



. — 

i.n 

with   iron. 

16  inch,  80  tons 

— 

— 

— 

i.f 

and    some 

17*72  inch,  100  tons  . . 

— 



— 

with    steel 

tubes. 

(3.)  Gas  escapes, — ^As  a  precaution  agamst  accident  in  case  the  inner  Qas  escapes, 
tube  should  split,  most  K.M.Ij.  ^ns  are  furnished  with  gas  escapes, 
i.e.,  with  a  channel  through  which,  should  the  inner  barrel  crack,  the 
gas  will  escape  and  give  warning  that  firing  should  be  stopped. 

All  guns  having  cascable  screws,  t>.,  the  R.M.Ij.  howitzers  as  well 
as  the  40-pr.  guns  and  upwards,  have  gas  escapes,  except  Mark  I. 
64-pr.  wrought  iron  guns,  which  have  none,  being  manufactured  before 
their  introduction  ;  but  any  of  these  latter  guns  that  may  require  re- 
tubing  would  of  course  be  furnished  with  such  an  escape. 

The  converted  gun&  are  also  furnished  with  gas  escapes,  as  explained 
in  Chapter  X.,  p.  234. 

In  the  25'pr.  and  downwards  no  such  escape  exists,  as  in  these  pieces 
the  steel  tube  projects  beyond  the  breech  end  of  the  jacket. 

To  form  the  gas  escape  in  the  built  up  guns,  40-pr.  and  upwards,  a 
part  of  the  thread  of  cascable  screw  is  turned  off,  so  that  when  the 
cascable  is  home  agaiust  the  end  of  steel  tube  an  annular  space  is  left ; 
this  is  made  to  communicate  with  the  outside  of  the  gun  by  means  of  a 
channel  cut  through  the  cascable  itself  or  through  the  met^d  of  the  gun, 
so  that  in  the  event  of  the  tube  splitting  in  the  vicnity  of  the  chamber 
the  gas  escaping  through  the  channel  would  indicate  the  fact  to  the 
detachment  at  the  gun,  when  firing  should  immediately  cease. 


*  There  are  two  12-inch  25- ton  guns  on  this  construction  similar  to  Mark  I.  11- 
inch,  but  they  do  not  constitute  a  separate  pattern,  being  known  hj  their  Not.  (20 
and  21). 

t  Q-uns  marked  F.  or  F.I.  are  of  Mark  11.  construction. 

F.II.  „  III. 

B.  „  II. 

D.n.  „  III. 


64-pr.  guns 
I, 

(c.o.) 


If 


i* 
it 


» 


it 


R 
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With  Marks  I.  and  II.  of  7,  8^  and  9-inch  guns,  and  Mark  1. 12-inch 

of  25  tons,  which  have  a  forged  breech-piece,  a  hole  0"'3  diameter  was 

In  fce^ypnB  j^illed  through  the  breech-piece,  at  right  angles  to  the  cascable  screw, 
construction.    SO  as  to  meet  the  annular  space  on  the  cascable,  a  groove  also  being 

cut  along  the  outer  edge  of  the  breech-piece  so  as  to  meet  this  hole, 
In  this  pattern  the  gas  escape  comes  out  underneath  the  cascable* 
between  the  breech-piece  and  the  coil  overlapping  it. 

In  other  marks  the  channel  is  cut  along  the  cascable  screw  and  comea 
out  at  the  right  side  of  the  cascable,  or  under  the  loop,  in  guns  manu- 
factured before  1869. 
Exterior  form.       (4.)  Exterior  Foiin. — It  is  convenient  sometimes  to  know  at  a  glance 

the  nature  and  pattern  of  a  gum  As  to  howitzers  and  the  smaller 
guns,  no  remarks  are  required,  but  the  following  may  be  useful  in  the 
case  oi  the  heavier  natures,  of  which  there  are  several  marks,  or 
patterns  :«- 


§  1335. 


Exterior  Form, 


•• 


Original 
constmctioD, 
breech 
rounded  off. 


SttecJi  rovitded- 

Hark  I.  64.pr.,  7-iiich,  S-inoh,  and  9-inch.— Are  rounded  off 
at  the  breech,  because  at  the  time  of  their  introduction  the  breeching 
rope  was  used  through  tiie  breeching  loop,  which  was  provided  with  a 
moveable  block  and  pin,  and  consequent^  thiv  shape  of  breech  was 
adopted  to  save  the  rope  from  wear.  They  have  also  several  steps  in 
front  of  the  trunnions^ 


VLauck  I|  I2'infilL  aoul  IS-iac&L  are  stepped  at  the  breech. 


Mark  II.  64-pr.^  7-incli^  8-inch,  and  9-inch, — ^The  curve  at  the 
breech  is  broken  by  the  breech-*pieoe  which  forma  a  step ;  tha  breech- 
ing rope  being  carried  throagh  the  carriage,  the  moveable  block  io  the 
breeching  loop  was  abolished,  and  the  thm  edges  of  the  layers  of  coil 
caused  by  the  rounded  outline  was  considered  objectionable  owing  to 
the  liability  of  the  edges  setting  up.  This  and  all  future  pattema  have 
but  two  steps  in  front  of  the  trunnions. 


R jcx«  cnzKa  m  ihk  serybos. 
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Breech  cut  in  steps, 

Mark  III.  64.pr.y  7-ixioli,  84nolXy  and  9-ixichy  and  Mark  I.  Fnaer  modifi- 
lO-inch  andll-inoh« — ^Having  but  one  layer  at  the  breech  it  is  cation  with 
rounded  ofiF.  ^"^^  ^^®'' 

Mark  IV.  7-inoh^  Harks  IT.  and  ▼.  9-Incli,  and  Mark  II.  Fnaer  modifi- 
lO-inch,  ll-inoh,  and  12-inoli,  Mark  L   12-5-lnch/  Mark  I.  cation,  with 
le-lnclu— Aa  a  rounded  outline  in  this  pattern  would  introduce  the  twolayew. 
objectionable  thin  edge,.the  breech  is-  cut:  in  steps,  GOiTOspondlng  to  the 
layens  of  coils. 


(5.)  Steel  tubes, — ^The  maximum  thickness  of  these  inner  barrels  Steel  tubee. 
varies  from  about  0*25  of  a  calibre  in  the  larger  guns  to  O^S  of  a 
calibre  in  the  smaller  pieces.  This  greatest  thickness  is  natnndly 
given  at  the  breech  end  over  the  powder  chamber,  except  in  some  of 
the  field  pieces  where  the  bart^l  is  not  supported  towards  the  muzzle 
by  any  coil  shrunk  on,  and  in  which  the  tube  is  consequently  thicker  in 
the  chase  than  at  the  breech  end. 

The  thickness  of  the  tube  is  not  uniform  in  the  heaviest  guns  of        ^ 
latest  pattern ;   in  all  pieces  above  the  7-inch  gun  (excepting  the 
10-inch  of  18  tons)  it  decreases  towards  the  muzzle,  and  in  the  35-ton, 
38- ton,  and  80- ton  gun  this  is  readfly  seen. 

A  thinner  chase  is  quite  strong  enough  to  withstand  the  strain,  which 
decreases  rapidly  towards  the  muzzle. 


MouirrAix  on  Boat  Guks. 

7'pr.  Eijkd  MJj.  Ouns, 

There  are  seven  patterns  of  this  gun  in  the  service,  three  of  bronze  7-pr. 
and  four  of  steel,  but  the  number  of  any  cme  pattern  made  is  very 
small,  with  the  exception  of  Mark  UL  and  IV.,  steel,  of  which  many 
have  been  made. 

The  rifling  of  the  whole  of  these  guns  (both  bronze  and  steel)  is 
identical,  and  they  fire  the  same  ammunition. 


(ao.) 


B  2 
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7-pr.  bronze, 
Hark  I. 


Bronze.    Mark  I.    Weight.  224  lbs. 

Calibre  3". 

Scale  1  inch  «■  1  foot. 

rill 

:=izi i^iL 


i 


.? 


I       I jj !:£l.-l ^ 


I 


RxFLiKa.    Scale  3  inches » 1  foot. 


<. 


^— «— i-^— A.    J^..— — ^. 


1 


LBNeTH  or   RIP  LI  NO. tOlt 

•  LBNCTH  OP  a«ai  a4^f 


804 ;  and 
1866,  p.  233. 


§  1146.  In  1865  some  mountain  gxms  were  required  on  an  emergency  by  the 

O.S.C.  Pro-  Indian  Government  to  accompany  the  expedition  to  Bhootan,  and  10 
ceeding8,l865,  steel  guns  were  demanded  by  the  late  Ordnance  Select  Committee,  five 
PP-  212,  303,     q£  120  lbs.  weight  and  five  of  160  lbs.    As  these  guns  could  not  how- 

ever,  be  supplied  in  time  for  Bhootan,  six  bronze  3-pr.  S.B.  guns  of 
24  cwt.  were  turned  down  to  a  weight  of  224  lbs.,  bored  to  3",  and 
rifled  on  the  French  system  with  a  twist  of  one  turn  in  20  calibres. 

This  gun  was  found  to  be  too  heavy  for  the  mules  in  Indian  and  a  gun 
of  200  lbs.  weight  was  asked  for. 

In  order  therefore  to  utilize  the  existing  stock  of  bronze  3-prs.,  a  gun 
was  reduced  to  the  required  weight  and  adopted  in  1866  as  Mark  II. 


7-pr.  bronze, 
Mark  IL 


7-pr.  Bronze.    Mark  II.    Weight,  200  lbs. 

Scale  1  inch»l  foot. 
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GROOVE  FtiLL  8IZ«. 


This  differs  from  Mark  I.  gun  in  having  the  exterior  turned  perfectly  §  1935. 
plain,  and  being  2"  shorter  in  the  bore.    The  swell  of  the  muzzle  is  O.S.C.  Pro- 
removed  and  a  dispart  sight  screwed  on  the  gun.  cee(^gs,l806, 

A  pattern  of  this  gun  was  sent  to  India  in  1866  to  govern  manufac-  ^' 
ture,  and  in  1867  twelve  were  sent  to  Ii^Iand  during  the  I'enian  distur- 
bances. In  1870  six  were  sent  to  Canada  for  the  Red  River  Expedition, 
and  being  also  approved  of  for  boat  service,  it  was  then  definitely 
adopted  into  the  service. 

The  form  and  preponderance  of  this  gun  (being  onl}*^  a  conversion) 
are  not  satisfactory,  and  experimenta  were  carried  out  with  a  view 
to  the  adoption  of  a  new  bronze  gun  of  a  better  construction,  but  in- 
tended to  lire  the  same  ammunition  with  a  heavier  charge.  The  gun 
recommended  is  shown  at  Plate  I. 


Mark  III.,  bronze, 


On  21/1/73/  it  was  ordered  that  no  more  bronze  7-pr.  R.M.L.  were  7-pr.  bronze, 
to  be  made.    Only  two  of  this  Mark  III.  pattern  have  been  manu-  ^"^^  ™- 
factured. 


Steel.    Mark  I.    1901bs. 

This  was  the  first  steel  gun  adopted,  and  five  were  made  in  1865  and  7-pr.  steel. 
sent  to  Bhootan.    The  pattern  is  obsolete,  and  no  more  are  made,  but  ^*^^  '• 
those  already  issued  are  retained  in  the  service  in  India. 


Steel.    Mark  II.    150  lbs. 

This  is  the  piece  commonly  known  as  the  Abyssinian  gun,  twelve  §  ^50(5 
having  been  sent  with  that  expedition.    They  were  sighted  on  the 
right  side  only,  the  tangent  sight  working  in  a  gun  metal  socket  I?\^*^*'' 
screwed  to  the  breech,  and  the  dispart  sight  screwed  into  the  side  of       ^ 
the  muzzle. 

The  cascable  had  a  projection  underneath,  which  fitted  into  a  slot  in  Thirteen 
the  elevating  screw.    A  pattern  of  this  gun  was  never  sealed,  and  the  manufactured, 
gun  was  altered  on  the  experience  gained  in  Abyssinia  into  the  present 
pattern. 
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Siaartna.    Settle  H  bch— 1  foot. 


Steel.   ISffarlilU.    ^Olbs. 

§  1717.  This  gTin  differs  from  Mark  II.  in  being  centre  sighted  (see  page  249 

7-p^  st^l,        as  the  side  sig'hto  were  found  to  be  liable  to  injur;),  and  aJso  in  having 

MiL-k  III.        4  horizontal  liole  bored  through  the  cascable,  through  which  a  rod  can 

be  passed,  so  as  to  facilitate  loading  or  nnloading,  and  also  to  enable 

the  gun  to  be  readily  carried  by  men  over  country  impassable  for 

ftnimale. 


V.L.  otna  IN  TBB  SEEYiaa. 

Bella  1}  incli-U  fbot 


8iaBTUid.    li  inch'^I  foot. 


Steel.    Mark  IV.    200  lbs.    L.S.  and  S.S. 


Thie  gnn  was  introduced  into  the  service  in  July  1878 ;  it  is  much  §  2108. 

longer  than  Mark  III.,  and  externally  resembles  the  bronze,  7-pr.  '^-  •*'*'> 

Mark  II.     It  is  made  out  of  a  solid  bloct  of  steel,  and  has  no  swell  "*"  ^^- 
:  a  Bmoll  dispart  pateh  into  which  the  fore  sight 
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The  hole  through  the  cascable  U  here  small,  this  piece  being  intended 
for  mule  carriage  if  employed  for  LS. 

This  piece  would  be  used  in  the  siege  train  to  take  the  place  of  the 
old  S.B.  bronse  mortars. 


T  AH  C  E  HT     >T«tl- 


za  CALiBBta. 


9-pr.  Rifled  M.L.  Onus. 

»-pr».  of  four        yfg.  jj^ve  four  different  natures  of  9-prs.  in  tlie  service  ;  two  tor  Ii.Fv 
"'""'•  and  two  for  SS.     They  all  have  the  same  calibre  and  rifling. 

The  LS.  are  9.prs.  of  8*  cwts.  Mark  I. 
6         „         „     If. 

Those  for  S.S.     „  8»       „         „      II. 
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It  will  be  seen  that  the  6-cwt.  gim  Mark  I.  is  the  shortest  of  all.    It   •  CHAP.  XI. 
is  meant  for  boat  service.  — ~ 

The  8-cwt.  gun*  will  be  boat  and  field  marine;  and  the  6-cwt. 
Mark  II.,  which  has  the  greatest  length  of  bore,  will  be  the  Uorse 
Artillery  and  light  field  battery  gun.t 

In  1869  a  bronze  9-pr.  gun  of  8  cwts.  was  introduced  for  Indian    Bronze  9-pr. 
service,  with  the  calibre  rifling,  &c.,  of  our  present  9-prs.    Several 
batteries  of  these  pieces  were  issued,  but  as  the  material  of  which 
they  were  made  proved  unsatisfactory,  their  manufacture  soon  ceased, 
and  they  were  all  withdrawn  from  the  service  in  1874.} 

Since  that  date  all  our  Horse  Artillery  have  been  armed  with  9-prs. 
of  6  cwts.,  and  half  of  the  field  batteries  with  9-prs.  of  8  cwts.  The 
latter,  however,  are  being  now  altered  for  sea  service,  and  the  field 
batteries  having  9-prs.  wfll  be  equipped  entirely  with  those  of  6  cwts. 

All  9-prs.  consist  of: — 

A  tube,  toughened  steel. 

Jacket,  composed  of  a  single  coil,  trunnion  ring  and  a  coil  in 

front  of  trunnions  welded  together. 
All  have  the  French  modified  rifling,  with  a  uniform  twist  of 

1  in  30  calibres.    They  have  rear  vents  striking  the  cartridge 

near  the  bottom. 

The  following  diagrams,  &c.,  give  details  of  the  9-prs. 


Mark  I.    8  cwt.    L.S. 


Scale  t  inch«l  foot. 


§  20G7, 


^TDTMU.tANOTH' 


^^.  J     9.pr. 
'.?.  Mark  I. 
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— M*e  MOBiKuruneTV' 


These  guns  are  beinsr  altered  to  S.S.  by  turning  off  the  projection  at 
muzzle  and  providing  the  S.S.  sights  mentioned  at  pp.  186  and  189. 


*  L.S.  of  8  cwts.  -will  be  all  altered  and  become  S.S.  guns,  receiving  a  new  register 
number,  and  the  Mark  being  altered  from  I.  to  II. 

t  For  liffht  field  batteries  we  shall  soon  hare  the  18-pr.  of  8  cwt.,  now  being  ex- 
perimentea  with,  yide  p.  77. 

t  Vide  also  p.  73.  A  number  of  these  bronre  guns  were  rendered  unserviceable 
hj  ordinary  practice  firing  in  peace  time. 
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S  2674. 


Mark  I.    6  cwt.    S.B. 


d-pr.  Mark  I. 
S.S. 


K         I 


T 


^^^2      ^^^  ^^^^^^  ^^^jtBrn^mm  ^^^^mm0^  m    ^^m 


T5l 


•*>« 


f M  _sa  LeNGTH araoni 


'*^"H:y-V-V-«'!:iiir.t:r:LSti:-  "^ 


.^LL sa   NOMINAL  LENGTH, ---« 


6/      TOTAL   LCNCTH. -»» 


^^jjl.JO^IfOa         DISTAHGB 


FAeB9  9F  •IQHTS  .    84«ai«ClfSt. 


The  6-cwt.  grin,  Mark  I.,  S.S.,  is  used  by  the  Navy;  some  of  the 
pattern  have  been  ordered  for  the  Indian  Naval  Service. 

Only  a  small  number  ^45)  of  these  have  be^i  made,  as  the  Navy 
prefer  the  U-pr.  of  S  cwU  Mark  IJ. 


S  2599. 


^-pp.  Mark  II. 


Hark  II.    8  cwt    8.8. 


BOALW  4t$tciir9  f  poor. 


T 


:&. 


, T       r\n 
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nnrMMce  metwkkm 
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FACES  or  SIGHTS*  S8  INCHES 
CeMTIteS  OF  MOLES  -  S9'328  9f 


In  1873  a  pattern  gun  of  8  cwt.,  Mark  11^  was  sealed  for  S.S.  It  is 
the  same  generally  as  the  L.S.  9-pr.  of  8  cwt.,  and  nses  the  same  am- 
munition. It  differs  from  the  latter  gmi  in  having  no  swell  on  the 
muzzle. 


Kark  II.    6  cwt.    L.B. 


§2633. 


I  0 


.*« 


-A. 2»'8 A3.f«i 

-1--- 44 'B 

•74-8  TOTAL  LBMaTM--'^^ 


>••  MMiVMSH  raoci  or  biohtb. 


N-VV^^^ 
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LMMCTH  OF  BORK- 


'71  HOIilHAL  LEUOTH- 


•^ 


This  9-pr.  R.M.L.  gun  of  6  cwt.,  L.S.,  Mark  II.,  was  introduced  in  9.pr.  Maik  II. 
September  1874.    It  only  differs  from  the  9-pr.  of  8  cwt.,  L5.,  in  l^-S- 
weight,  and  dimensions  generally. 


We  now  come  to  the  heavy  field  guns  with  which  the  greater  portion 
of  our  field  batteries  are  armed. 

le-pr.  Bified  MX.  Gun  of  12  cwt.     Calibre  3"-6,  L.S. 

In  1870,  a  special  Committee  recommended  the  adoption  of  a  rifled  Report  of 
^-un  of  about  12  cwt.,  having  a  calibre  between  3"-5  and  3"-7.  Kxpeumcntal 

Two  guns  were  mndc,  one  with  3"-6  calibre  and  the  other  3"-3,  and   ^/S!  ofT, 
the  former  was  ultimately  adopted  for  the  armament  of  a  portion  of  jsTO,  p.  84i. 
our  field  batteries. 


ajLL.  aasa  m  the  sebticb. 


Mark  I.    L.8. 

8o<J«  t  inch '^1  foot. 


SiaBmra.    l  incli^lfoot. 


B>ni5a.    S  inchcf  1  foot. 


^S5!i«<^^  W"i"^'"^/jfy//,,y/^/>^'^  '^w///J//?/^7/7.yA 


A  tube  (toughened  steel). 

Jacket,  composed  of  a  single  coil,  trunnion  rb^,  and  a  coil  it* 
front  of  the  trunnions  welded  together. 

The  form  of  groove  is  the  "  modified  French,"  as  in  the  9-pr.  guns, 
and  the  tn-ist  1  in  30  cals. 
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Guns  of  Pobxtion  akd  Sibgb  Obdnanos. 
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The  siege  train  will  consist  of  the  following  proportions  to  each  unit  Siege  ord- 


of  30  pieces.* 

!25-pr8.  •• 
40-pr8M  Mark  II. 
6 '3-inch  howitzers 
40-pr8.  Mark  II. 
64-prs.,  „  III.,  1 
with  steel  tube  / 
8-inch  howitzers 


•  • 


10 

10 

10 

8 

8 

14 


nanoc. 


Lightw 


HeaTy. 


Each  unit  is  associated  with  six  7-prs.  of  200  lbs.  Mark  IV. 


26^pr.  Rifled  H.L.  Gun  of  18  cwt    Hark  I.    L.S. 

CaUbre  4". 


§2673. 


This  gun  was  proposed  in  January  1871,  by  the  Superintendent,  25-prs.  of 
R.G.F.,  as  a  light  siege  gun  and  gun  of  position,  intermediate  between  18  cwl 
the  I6-pr.  and  40-pr. 

Its  introduction  was  decided  on  in  April  1874. 


I       I       I      *A 


I   > ,^4 U4^ 


iXlZl 
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•  6'  LENCTN    OF   BORE 


'.*. 


4- 


39.975* 1-t-i -k I8*S J|c -35 y 

37- f- 61^ — >: 


»•  TOTAL   LENGTH- 


-7t'LCNorif  »  mnm6 


Consists  of  :— 

A  tube  (toughened  steel). 
JBcoil. 
Jacket,  composed  of  a  single  coil,  and  trunnion  ring,   welded  to- 
gether. 


*  According  to  that  laid  down  in  Armj  CirculaTi  Febmarj,  1878. 
.  t  It  is  also  proposed  that  a  small  proportion  of  7''  guns  of  90  cwt.  should  form  part 
of  a  siege  train  for  direct  fire. 


R.KX.  OUKS  Dt  THE  SBRViUC 


tO-pr.  Sified  M.L.  Gmt:    CdObre  4"-7ff. 

It  was  at  ono  time  proposed  to  conTert  the  B.L.  40-pr.  guns  into 
muzzle-loaders,  but  it  was  decided  in  prefereDce  to  make  new  gims, 
first,  because  the  B.L.  gima  as  they  esist  are  excellent  weapons,  and 
the  cost  of  convert'DF  aod  re-tubing  tbem-  would  be  little  less  than  that 
of  new  gims ;  aecondiy,  if  converted  without  being  re-tubed  the  guns 
would  have  to  be  weakened  by  being  bored  out. 

In  1871,  therefore,  a  R,M.L.  40-pr,  was  designed,  Mark  I. 

During  further  experiments  carried  on  after  a  few  of  these  gnnB  had 
been  mauufactured,  some  irregularity  of  velocity,  Ac.  appeared  to  be 
due  to  the  incomplete  burning  of  the  charge;  a  longer  gun  of  the  SMoe 
weight  and  calibre  was  therefore  tried  with  such  satisfactory  results 
that  its  introduction  into  the  service  was  approved  in  March  1874. 
These  gims  have  both  the  Woolwich  groove,  with  a  twist  of  1  In  35. 

Only  20  Mark  L  have  been  made,  and  no  more  will  be  maoiifactured ; 
for  the  future  all  will  be  of  Mark  II.  pattern. 

Mark  I.  has  a  rear  vent,  etiikiog  the  bore  near  the  bottom.  Mark 
II.  a'  forwaid  vent,*  striking  thapowdfir  chamber  in  the  oeotie,  7  inches 
ima  the  bottom  of  bore. 


S3K8. 
40-p'-.UarkL 


Mark  X.  of  34  owt    L.S. 


gniu  puung  throDgh  Uie  deputment  will  be  rentml  ■■  alttn. 


Consists  of  :^ 

A  tnbe  (toughened  steel). 

J5tube. 

Breech  coil,  composed  of  ft  single  coil,  trunnion  ring,  and  coll  in 

front  of  trumuons  welded  together. 
Caacable. 


Mark  II.  of  36  cwt,    Ii.S.  1 2672. 

40-pT.  u»k 
n.1.8. 


Its  constmction  differs  slightly  from  that  of  Mark  I.,  and  it  consists 
of:— 

A  tube  (toughened  steel). 

£  tube. 

1  jBcoil. 

Binech  coil,  composed  of  a  single  coU  and  tiuimicm  ring  velded 


Cascable. 


6-3-in4b  Bifled  MX.  Howitser  of  18  owt. 

Having  in:  view  the  success  of  the  6-inch  howitzer  (vide  p.  261),  6'8-iiuili  I 
and  being  anxious  to  try  a  lighter  niiture  of  rifled  howitzer  to  fit  the  hoinUer. 
40-pr.  oaniage,  and  to  fire  a  shell  of  about  60  lbs.  w^ht,  the  Committee 
on  High  Angle  Fire  proposed  in  March  1874  that  a  howitzer  should  be 
constructed  of  6-3  inch  calibre. 
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i  3281. 


Scale  1  inch  i-1  foot. 


Scale  2  incHes^l  foot. 


I 


.1 


5-3 


-)!C- 


.' 3S»7  UNCTH  OF  RiFLlNC ^J 


Qivdrant 
planes. 

Vonling. 
Stop. 


The  rifling  is  polygrooved  with  a  twist  increasing  from  1  in  100  to 
1  in  35  ;  number  of  grooves  20. 

There  are  three  planes,  A,  B,  and  C  on  the  howitzer,  one  on  the  top 
on  which  to  place  the  quadrant,  one  across  the  trunnion  ring,  and 
one  across  the  cascable  button  for  levelling  the  trunnions. 

The  howitzer  is  vented  vertically  at  a  point  1*125  inches  from  bottom 
of  bore.    The  end  of  the  bore  is  slightly  rounded. 

In  order  to  ensure  an  exact  space  in  the  bore  being  left  for  the 
charge,  the  grooves  terminate  abruptly  at  a  distance  of  5*3  inches 
from  the  end  of  the  bore,  so  as  to  prevent  the  projectile  being  driven 
beyond  this  point  in  ramming  borne.  In  some  of  the  howitzers  already 
made,  however,  the  rifling  extends  2*8  inches  beyond  this  point,  but  in 
this  portion  the  grooves  are  only  '05  inch  in  depth. 


R.M.L.  GUNS  Df  THE  SERTIGE. 


64-pr.  Rifled  U.L.  Gun  of  64  cwt.    Mark  lU.    (Siege.)  _L    ' 

The  64-pr.  siege  gtm  is  the  Mark  III.  patteru  (vide  p.  172),  bat  all  g  2084, 
those  employed  for  this  service  have  steel  tubes,  and  have  therefore  6i«ge  6i-pr. 
been  either  manufactured  as  new  guns  since  IS71,  or  else  have  been 
re-tubed  with  steel. 

The  several  parts  are— 

A  tube  (toughened  steel). 

B  tube. 

Breech  coil  or  jacket,  conaisting  of  breech  coil,  truimlon  ring 

and  muzzle  cjil  welded  together. 
Cascable. 
8-inch  Rifled  U.L.  Howitzer  of  46  owt.    L.S.    Mark  L        §  2507. 
The  8-inch  howitzer  was  the  first  piece  of  ordnance  introduced  into 
our  service  to"  supersede  S.B.  mortars  for  high  angle  fire. 

Towards  the  close  of  1872  it  w&a  ordered  that  S.B.  mortars  should 
Qo  longer  constitute  a  part  of  the  siege  train,  and  that  8-inch  howitzers 
should  be  substituted  in  their  place. 

Several  of  these  howitzers  were  therefore  estimated  for  in  1873—4,  8-iacb. 
and  up  to  this  date  a  number  have  been  manufactured 


(00.) 
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This  howitzer  consists  of — 
A  tube  (of  toughened  steel). 
J&tube. 

Breech  ooil  (or  jacket),  composed  of  a  single  coil  and  tnomion  ring] 
Gaacable. 

It  has  the  Woolwich  rifling,  with  a  uniform  twist  of  1  in  16  calibres 
with  four  grooves  of  the  same  size  as  the  8-inch  KM .L.  gun. 
The  vent  strikes  the  chamber  near  the  bottom  at  right  angles. 
The  quadrant  planes  are  similar  to  the  6-3  mch  howitzer. 


Medium  gum 
64-pr9. 


§  1113. 


Medium  Guns. 

We  may  term  the  64-prs.,  other  than  siege  pieces,  the  three  natures 
of  converted  guns,  and  the  7-inch  of  90  cwts.,*  medium  guns. 

U'pr.  Rifled  MX.  Gum  of  64  cwt.    L,S.  and  S.S.     Calibre  6"-3. 

There  are  three  patterns  of  this  gun.    (See  Plate  V.) 

The  64-pr.  was  the  RJdJj  gun  first  introduced,  so  that  we  find  a 
number  of  these  pieces  built  up  on  the  old  method  of  constructicxiL 
Indeed  the  construction  and  external  appearance  of  Mark  I.  of  these 
guns  is  identical  with  that  of  the  64-pr.  wedge,  for  which  they  were 
originally  intended.  They  were  adopted  in  1864  for  the  Navy  as  a 
broadside  or  pivot  gun  to  replace  the  64-pr.  wedge  gun.  The  calibre  of 
6"'3  was  chosen  to  permit  of  firing  82-pr.  smoothbore  spherical  projec- 
tiles in  cases  of  emergency. 

Those  tubed  or  re- tubed  with  steel,  and  also  such  of  Marks  I.  and  II. 
as  have  been  re-tubed  with  iron,  have  the  pUungroove.  The  remainder 
of  Mark  I.  have  the  older  shunt  groove.    Vide  also  pp.  20  and  30. 

In  1866  it  was  approved  that  this  nature  should  replace  the  7"  B.L, 
guns  in  the  Navy,  in  cases  in  which  the  lattw  were  found  too  heavy. 

These  guns  are  used  solely  as  shell  guns,  not  being  sufiGtciently 
powerful  against  iron  clad  i^ipew 


§  1C62. 


Iforicl. 

Bttlh  f  indx"  1  foof. 


•  Tide  note  p.  244. 
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The  end  of  the  bore  is  closed  by  a  copper  cup,  backed  np  by  the    CHAP.  XI. 

cascable.  

Si-pr.MtirkL 

Sctde  t  moh^lfooC. 


Mauk  L  conwats  of: — 

A  tube  (coiled  iron). 
Breech-piece  and  B  tube. 
Trunnion  ring. 


Guns  of  this  nature  were  recommended  for    manufacture  in  186S  Qgc_  p,^ 
being  less  expensive  tbaa  Mark  I.,  and  equally  efficient.    The  end  of  0Mdingi,ie6G, 
the  bore  is  closed  by  a  wrought  iron  plug,  a  copper  diec  interremDg  p.  2SJ. 
between  it  and  the  caacable. 

These  guns  differ  entirely  in  exterior  appearance  froni  Mark  I.,  the 
swell  at  tbe  muzzle  is  dispensed  with,  utd  uid  gun  is  (^lindrical  from 
the  breech  to  a  Utile  in  front  of  the  trunnion,  the  curve  of  tita  breech  is 
also  broken  so  as  to  fonn  a  step. 

They  are  marked  B  on  the  l^t  trunnion,  that  being  the  designation  of     .~^ 
this  pattern  when  introdnced  into  the  service. 


Scale  lincbc^lfcKit. 


SVpr.  Ibrk 
n.orB 


(0.0.) 


ItJIX.  aUN8  Df  THE  BERTICI. 
SiOBmre.    Bcala  )  ineh  >  1  foot. 


BiVLiira.    Bcala  2mclici-'l  foot. 


Mass  II.  consists  of :— ■ 

A  tube  (coiled  iron),  double  at  the  chaee. 

Breech-piece  (a  sobd  forging). 

Bniech  coil,  composed  of  a  donble  coil  and  trusnion  ring  welded 


Coil  in  front  of  the  trunnior 
Caacable. 
Rijling. — Three  plain  grooves,  uniform  twist  of  1  in  iO. 


64-pr. 
MMkm. 
DT  D  pattern. 
O.8.C.  Pro- 

ceedinga, 
1867,  p.  11. 
0.8.C,  Pro- 
ceedinga, 

isce,  p.  sez. 

§1608. 


Mark  XXI. 


I  approved  in  1867,  experimenta 
stronger  than  that  in  which  the 


The  manufacture  of  Uark  III.  wai 
having  proved  that  this  construction  it 
solid  forged  breech- piece  ia  used. 

Its  external  appearance  is  the  same  as  Mark  II.,  excepting  that  the 
breech  is  rounded  off. 

Quna  of  this  pattern  Issued  prior  to  March  1666,  have  D  stamped  on 
the  left  trunnion  ;*  that  being  it«  designation  when  introduced. 

Those  mode  since  April  1871  have  solid  ended  steel  tubes,  and  a  B 
tube  shrunk  over  the  chase.    Most  of  the  guns  made  with  steel  tubes 

*  Under  th«  S  in  inch  gan*,  th«  numeral  II  yna  itamped.    In  all  guni  paMing 
thronj^  %.QiS.,  thii  II.  vt  altered  to  U.  lU.,  and  the  letter  P  remorod. 
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are  for  the  siege  train,  as  explaixied  at  p.  261,  the  guns  having  iron  tubes    CHAP.  XI* 
are  employed  as  S.S.  guns.  """^ 


Scale  i  inch  »  1  f oot« 


K 


-1^^^^^--^^ 


•MTtTAb  tIMtliaPl 


Mabk  III.  consists  of: — 

A  tube,  coiled  iron  (double  at  the  chase). 

Breech  coil,  composed  of  a  triple  coil,  trunnion  ring,  and  a  single 

coil  welded  together. 
Cascable. 
Rifling  as  in  Mark  II. 


{1606. 


Oonverted  Ouzxs. 

As  described  in  Chapter  X.,  the  manufacture  of  converted  guns  on  ConrerUd 
the  Falliser  principle,  where  a  wrought-iron  barrel  is  inserted  into  a  e^"^> 
cast-iron  casing,  was  commenced  in  1863.    Some  of  these  converted 
guns  were  made  by  contract,  but  most  of  them  in  the  B.G.F. 


64 


32 


-pr.  (oonverted)  58  owt.  L.S. 


A  number  of  these  guns  have  been  made  for  sea  fronts  where  range 
is  limited.    The  construction  is  described  at  p.  233. 

Scale  -^nd. 
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CHAP.  XL 


64 

_pr.  of  58  cwt* 

32 


Bmnro.    Soale  ^. 


§2066. 


§  1752. 


64-pr. 

8-inch 
of  71  cwU 


f  2220 


> -../U— — . — >|< ^..  141.46  length  of  rifflng  — — — 

Thte  64-pr.  of  58  cwt.  consists  of: — 

Caat  iron  casing. 

«^i    f  A  tube^  coiled  iron. 

Cast  iron  collar. 

Wrought  iron  screw  plug. 

Rifling  three  plain  grooves,  twist  1  in  40. 

®*:^  R.M.L.  (converted)  of  71  cwt.  L,S.  and  S.S. 

This  gun  is  meant  for  the  armament  of  unarmoured  ships  and  land 
fronts  of  fortifications.    Vide,  for  description,  p.  283,  where  a  diagram 
of  the  sights,  &c.  will  also  be  found. 
This  64-pr.  of  71  cwts.  consists  of  :— 
Cast  iron  casing. 
Barrd   f  A  tul^,  coiled  iron. 

Cast  iron  collar. 
Wrought  iron  screw  plug. 
Rifling  as  in  64-pr.  of  58  cwt. 

-^-pr.  B.H,L.  (converted)  gun  of  5  tons.    L.B. 

This  our  heaviest  converted  gun  is  a  L.S.  gun  and  would  be  employed 

for  the  same  purpose  as  the  -^-pr.  58  cwt.  where  a  somewhat  more 

82 


??pr.of6ton8.  powerful  piece  is  wanted 


G8 


Scale  ^luL 


01 


^ 


^    .IS     .   «4 


Il  it * ^ — 


i»„«.-*'»..i. 


1.- 


-J 


120      NOMINAL     LENGTH- 


R.H.L.  Qvm  ni  THs:  SERnca. 

SiaHTiira.    8«de  ^tb. 


-■B-S i.— M^i- 


BiFUSd.    Scale  ^tb. 


Parta  the  same  as  for  the  two  preceding  gtins. 
Rifling.    Woolwich  groove,  with  a  twist  of  1  ij 


74noli  R.UJC1.  gun  of  90  owta,    Mark  L  B.S. 

At  the  request  of  the  Admiralty  aome  7-inch  $^ton  gmia  under  mann-  g  % 
&ctiire  were  completed  in  1874as90cwt.  gmis  for  the  armament  cf 
unarmoured  Teasels.  The  bore  of  the  piece  remaina  the  same,  but  the 
exterior  is  turned  down  all  over  and  slightly  shortened.  In  order  to 
rectify  the  preponderance  and  the  position  of  the  trunnions,  a  lame  part 
of  the  jacket  is  also  turned  oS  and  a  new  jacket  shrunk  over  the  breech^ 
vbere  a  portion  of  the  old  jacket  forma  a  bre«ch-pieco. 


CHAP.  XI. 

7-mch  of 
90cwts. 
Mark  I.  r»> 
duced  from 
those  of  6k 
tons. 
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Many  service  6^  ton  guns  Mark  III  have  since  been  reduced  to  90 
cwt.  guns  as  described,  and  a  few  new  guns  have  been  made  of  simDar 
construction,  the  coiled  breech-piece  in  the  latter  case  being  made  of 
two  coils  united,  which  together  resemble  the  breech  coil  and  1  B  coil 
of  10"  guns  and  upwards. 


S         *i< 


"r" 
I 
I 
« 

I 

iJ. 


f 
4.7'5-. 


«■ 


•V 


.1 


^ 


^_ 


y 

61.65- 


U  I  J    •                  m        *                                     9  I 

— -Jip-r-^.-- ..  I9.28..4 53 -^ 

ia4<6  NOMINAL   LENGTH -^^ 

^ 78»35 

laiTOTAU  LENGTH  OF  GUN. 


•*- 


Consists  of  :— 

A  tube  (toughened  steel). 

B  tube  (chase). 

Coiled  breech-piece. 

C  coil  or  jacket : — ^A  single  coil  and  trunnion  ring  welded  together. 

Cascable. 

Heavy  Guns. 

Employment  We  now  come  to  guns  which  might  be  employed  against  armour 
ofheayjguni.  plates  with  fair  effect  from  ranges  of  1,000  up  to  3,000  yards.  Their 
powers  increase  very  much  as  they  become  larger  until  in  the  80-ton 
gun  we  have  a  piece  of  ordnance  which  can  pierce  with  ease  the  thickest 
armour  at  present  afloat  (24  inches)  up  to  a  range  of  about  1,000  yards. 
All  these  pieces  have  the  Woolwich  rifling  with  increasing  twist, 
except  the  7-inch  where  it  is  uniform.  In  all  of  them  also  the  vent 
strikes  the  bore  at  right  angles,  and  at  a  distance  of  -^  the  length  of 
the  cartridge  from  the  bottom  of  the  bore.* 


7-incli  Rifled  M.L.  Gnus  of  6^  tons,  S.S.  only. 

There  are  three  patterns  of  this  gun. 

It  is  built  on  the  original  construction,  the  coils  being  separate  and 
GktoM  MaA  hooked.  It  was  adopted  in  1865  as  a  broadside  or  pivot  gun  for 
^t  w)   ,  jtt       frigates,  to  replace  the  7-inch  B.L.  and  68-pr.  S.B.  guns,  and  is  now 

very  extensively  used,  831  having  been  made. 

Externally  the  breech  is  rounded  off,  giving  the  gun  somewhat  the 

shape  of  a  soda-water  bottle,  and  it  has  several  steps  in  front  of  the 

trunnions. 

O  S  C  Pro-  These  guns  are  in  total  length  18  inches  shorter  than  the  land  service 

ceediM,  1865  7-inch  gun,  being  a  length  more  suited  to  the  requirements  of  the 

ppr2^/8l7.     Navy. 


•  "With  tho  SO-ton  gun  it  is  possible  that  an  axial  vont  wsrf  be  employe!. 


BJI.Ii.  ODHS  IK  THE  SEBYIOE. 
Mark  I. 

Seals  i  mch— 1  foot. 


BlOBtaO.     fiB>U|moli— Ifoot. 


Rimve.    Scale  li  inch -Hoot. 


Mabe  I.  consists  of : — 
A  tube  (toughened  steelj. 
Breech-piece  and  B  tube. 
TruDnion  ring. 
Six  coils. 
Cascable. 


B^^^p^B,  „  ji^^j^^Hffl 


R.1IJ^  SUSS  IN  THE  SBRTICE. 


MarkH. 


7-iiich  61  toDi      ^^^J  fs^  of  t^  pattern  were  manufactured.     They  were  intro- 

Mait  II.  dnced  in  1866  and  then  designated  and  marked  on  the  left  trunnion 

F.  I.  (Fraser  construction);  guns  of  this  pattern  issued  prior  to  31st 

March  1868,  are  thns  Imown. 

.  They  had  coiled  iron  barrels  closed  by  an  irtm  plug,  as  steel  was  not 

ISM    '       '  '^^  &ially  adopted  as  the  material  for  inner  barrels.     Any  of  them, 

however,  which  have  unce  been  re-tutied   have   solid  ended   steel 

barrels. 

Scale  iinch-Ifbot. 


BiFLTva.    Siaie  H  iadh—l  foot. 


R.MJ.  GUNS  IN  THE  SGRTIOE. 

Mark  II.  consists  of  : — 
A  tube  (coiled  iron). 
Breech-^eoe. 

B  tnbe  (the  coil  in  front  of  the  tmnnion?,  md  chase). 
Breech  coil : — »  double  coil  and  trunnion  ring  welded  t" 
Cascable. 


caeup.xi. 

§16U. 


Ktt-kin. 

Tiaa  confitrnction  adopted  in  1866  superseded  Mark  II.,  the  solid  gS  L4«2-150i;. 
forged  breech-inece  being  tlUEndimed  aad  the  metal  over  the  breech  -j-uu-h  61  toai 
being  pat  oo  in  one  thic^ees.    Those  issued  prior  to  March  1868  had  UbtIc  III. 
F II.*  stsiBped  on  tite  lett  tramnoQ. 

Sole  i  uich~  1  foot. 


Mark  III.  consists  of : —  S 

A  tube  (toughened  steel). 
B  tube  (duwe). 
Breech  oral : — a  triple  coil,  tnmoion  ring  and  coil  in  front  of  the 

trnmuons  welded  togiether. 

Cascable. 

7-iixch  RM.L.  Onn  of  7  tons.    L.S.  only. 
There  are  four  pattents  of  this  gun.    (See  Plates).  1 

This  nature  is  entirely  a  land  service  gun,  and  'was  introduced  in  ' 
1865  as  a  battering  gun  for  coast  defence. 

Mark  I.  is  built  on  the  original  construction.  The  B  tube  of  this 
pattern  is  covered  by  an  additional  thin  coil  so  as  to  reduce  the  pre- 
ponderance, which  was  found  to  be  excessive.    51  were  manufactured. 


Scale  iinch-I  foot 


O.9.C.  Pto- 
oocdiDgt, 

1865,  p.  316. 

O.8.C.  Pro- 

1866,  p.  119. 
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Btnors.    Scale  U  incb-1  foot. 


Mabe  I.  coQMsts  of : — 
A  tube. 

Breech-piece  uid  B  tube. 
Tnumion  ring. 
Five  coila. 
Cascable. 


^ 


7-incli  7  tout  j       Introduced  in  1866,  consists  of  same  parts  as  Mark  II.,  7-inch  6J-ton 
Mark  II.  gaa,  and  differs  from  it  only  in  len^h.    There  were  only  two  made, 

and  they  are  marked  F.  I.  on  the  left  truniuon. 
§1«>7.  Scale  iii]ch=I  foot. 


R J{Jh  ODNS  ra  TBK  SERVICE. 
SiaBTiiia.    Scale  I  inoh-l  foot. 


Mabk  III.,  introduced  in  186S,  differs  only  in  lenglh  from  Mark  III.,   7-moh  of  7 
7-inch  61-ton  pun.    Previous  to  AprU  1868  these  guna  were  marked  Jo""- 
F.  II."  on  the  left  trunnion.  """  "^■ 


The  seTeral  parta  are ; — 
A  tube  (toughened  steel). 
Staibe. 


!74  ILHJ.   (sum  IN  THE  SEBT1C& 

Jacket,  consisting  ol  a  breech  coU,  tmnnion  ring  and  muzzle  coil. 
Cascable. 

Uark  17. 
Alraadr  fu^  described,  see  pp.  168,  168,  and  Plate  XI. 

adsch  BiflAd  KJi.  Onn  of  9  toaoM,  LS.  and  S.S. 
Thare  u»  throe  patterns  of  this  gun.    (See  Plata  XII), 


These  gons  were  iutrodnced  in 
bees  made- f  CM-  L.S. 
Tlk»  oatabK  made  of  this  pattern  is  76. 


fur  S.S.,  and  a  few  have  since 


Hark  I. 

aaJe  k  ioch^l  foot. 


SioamiQ.    aaal«  i  kteix^llM,. 


'BiWLnsQ.    Scale  It  indi—l  foot. 


t 


Mask  I.  conusts  of : — 
A  tube. 

Breech-piece  and  B  tube. 
Trannion-riDg. 


B-MOi.  GUNS  IH  THE  SERVICE. 


This  gua,  introduced  in  1866,  consists  of  same  parts  as  Mark  II. 
7-iDch  6^-toii  guB.    Only  six  were  made,  and  they  are  marked  F.  I. 


Bcale  1  inckal  foot. 


* 


SiOKTiKS..   Bttia  k  inoh— 1  foot. 


fieile  li  inoh^l  foot. 


CHAP.  XL 


B.M.L.  aUSS  DT  THE  EEBVIOK. 

Mark  ni. 


8-lDch  of  9  Mark  HE.,  introduced  in  1^66,  consists  of  same  parts  as  Mark  III. 

toM,  Murk        7-inch  ei-ton  gans.  Those  made  previons  to  April  1868  were  marked 

Scale  i  U]ch->1  tooL 


K 


^H 


i— lit- 


9-iiich  Rifled  SI.L,  Qim  of  12  tone,  L.S.  and  S.S. 

There  are  five  patterns  of  this  gun.   (See  Plate  XIII). 


Introdnced  in  lf)fi5  as  a  broadside  gna  for  iron  clad  ships,  and  ^so 
for  the  defence  of  harbour  and  sea  fronts.    190  were  made. 


flcdetinch-lfoot. 

/^^ 
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iil 
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J. 

U., 

r. 

Sismufo.    Bc^e  1  inch— 1  foot. 


R.M.L.  GUJtS  Df  THE  SERVICE. 
RiFLiKO.    8e^  llioch-l  foot. 


Mabk  I,  consista  of: — 

A  tube  (toughooed  steel). 

Breech-piece. 

5  tube. 

Tninmon  ring. 

Seven  txala. 

Cascsble. 


Kark  II. 
Introduced  in  1866,  only  26  being  made.    They  differ  from  Mark  9-incliotis 
II.  y-inch  and  8-inch  in  having  steel  barrels.    They  are  marked  F.  I.  on  '°°*' ""'  "■ 
the  left  trunnion.' 

Scale  i  inch—I  foot. 
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CHAP.  XI. 


Bi  FLiKO.    Scale  li  inoh « 1  foot . 


§  IG 12. 


9-mch  of  12 
tons,  Mark 
III. 


§  1612. 


X- 


£1. 


--  — ...thiMneen  or aoiiB 


Mark  II.  consists  of  • — 

A  tube  (toughened  steel. 
Breech-piece.  (Solid  forging). 
J3  tube. 

Breech  coil : — Double  coil,  trunnion  rin;*',  and  a  coil  in  front  of  the 
tninnions  welded  together. 
Cascable. 


'm 


Hark  III. 

Was  introduced  in  186G,  and  is  similar  in  construction  and  exterior 
fonn  tc  Mark  III.  7-inch.  Those  naanufactured  previous  to  April  1868 
are  marked  F.  II.*  136  of  this  pattern  were  manufactured. 

Scale  i  inch— 1  foot. 


-ISC   TOTAL  IXNCTM  OF  CUN <>-^ 


Mark  HI.  consists  of : — 

A  tube  (toughened  steel). 

B  tube. 

Breech  coil : — ^Triple  coil,  trunnion  ring,  and  a  double  coil  in  front 

of  the  tramiionB  welded  together. 
Cascable. 


9-inch  of  12 
tons,  Marks, 
IV  tod  T. 


HarklV.udV. 

Mark  IV.  pattern  was  adopted  in  1869.    Mark  V.  differs  from  IV.  in 
preponderance  only,  the  trunnions  being  placed  f "  further  to  the  rear. 


•  Tide  Note  p.  271. 
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These  pieces  have  two  layers  over  the  breech,  this  consti-uction  being     CHAP.  XI. 

considered  preferable  to  the  Mark  III.  for  heavy  guns,  on  account  of  

the  diflBculty  of  ensuring  the  soundness  of  the  interior  of  a  large  mass    5  l^^- 
of  iron.  O.S  C.  Pro- 

Scale  i  inch  «1  foot.  ceedmgB,1869, 

p.  172. 


J*.... 


Wi- ,— WXt j. i— «i A r— ffS —♦I 

J— J €6'£S t- •--••> 1^.9^-75 ->; 

Jll69  TOTAL  LENGTH   OF  GUN ^ 


Marks  IV^.  and  V.  consist  of: — 

A  tube  (toughened  steel). 

B  tube. 

Coiled  breech-piece. 
Breech  coil : — double  coil,  trunnion  ring,  and  single  coil  in  front  of 
the  ti-unnions  welded  together. 

Cascable. 


10-inch  Rifled  M.L.  Qua  of  18  tons.    L.S.  and  S.S. 

There  are  two  patterns  of  this  gun.    (See  Plate  XIV). 

Mark  I. 

Mark  I  was  proposed  by  Commodore  Heath,  R.N.,  in  1865,  owing  to 
the  success  of  the  9-iuch  gun,  and  introduced  in  1868  for  the  Navy 
as  a  powerful  broadside  gun,  H.M.S.  "  Hercules  "  being  armed  with  it. 

The  10-inch  is  now  used  by  the  land  service  for  coast  defence. 

There  are  18  guns  of  this  pattern. 


lO-inch  of  18 
tons,  Mark  I. 


Scale  i  mch«=l  foot. 
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O.S.C.  Pro- 
ceedings, 
1865,  p.  390. 

O.8.C.  Pro- 
ceedings, 
1868,  p.  86. 


B.M.L.  OCNS  IK  THE   SERVICE. 
SiOBTiSQ.    Scale  i  inch  =  1  foot 


Of:- 


A  tabe  (tonghened  steel). 

5  tube. 

Jacket : — Breech  coil,  tmimioD  rini?,  aod  a  muzzle  coil  in  front 

of  the  trunnions  welded  together. 
Cascable. 
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Adopted  in  1869. 


Mark  II. 


Scale  i  incb  ±  I  foot. 


CHAP.  XI. 

lO-inch  of  18 
tons,  Mark  II. 


tS-S 
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ZF.170'75  NOMINAL     LENGTH J^J 

--laO   TOTAL    LENGTH    OF   CUN > 


»  I 

J 

Mabk  IL  consists  of :  — 

A  tub©  (toughened  steel). 
B  tube. 

Coil  in  front  of  the  trunnions.    (Belt). 
Coiled  breech-piece. 

.  Jacket : — Breech  coil,  trunnion  ring,  and  ring  coil  welded  to- 
gether. 
Cascable. 


O.S.C.  Pro- 
ceedings, 1869, 
p.  128. 
§1905. 


ll-inch  Rifled  M.L.  Oun  of  25  tons,  L.S.  and  S.S. 

There  are  two  patterns  of  this  gun.    (See  Plate  XV). 

This  gun  was  introduced  in  1867. 

It  is  for  use  in  the  Navy  and  by  L.S.  for  coast  defence. 


ll-inch  of  2 
tons« 


Mark  I. 

Only  seven  of  this  pattern  have  been  made. 


ll-inch  of  25 
tons,  Mark  I. 


Scale  tV* 
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CHIP.  XI. 


§2102. 


ll-inch  of  26 
tons,  Mark  U. 


§2102. 


BiFLiira.    Scale  ^. 
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Mark  I.  consists  of : — 

A  tube  (toughened  steel). 

B  tube. 

Jacket: — Breech  coil,  trunnion  ring,  and  muzzle  coil  welded 

together. 
Cascable. 


Mark  II.* 


This  gun  was  adopted  in  1871  for  the  same  reasons  as  to  manu- 
facture as  already  mentioned  in  the  citse  of  9-incli  guns  Mark  IV.,  vide 
pp.  278,  279. 

Scale  -^^. 
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Mark  II.  consists  of . — 

A  tube  (toughened  steel). 
B  tube. 

Coil  in  front  of  the  tnumions  (belt). 
Coiled  breech-piece. 

Jacket. — Breech  coil,  trunnion  ring,  and  ring  coil  welded   to- 
gether. 
Cascable. 


*  One  of  these  guns,  No.  68,  liaa  a  forged  breech-piece,  being  a  12^'  of  25  tons 
Mark  II.,  xetubed  at  an  11''  gun. 


R.MX.  GUNS  IN  THE  SERVICE, 


283 


12.iBch  Rifled  M.L.  Gun  of  25  tons,  L.S.  and  S.S. 

There  are  two  patterns  of  this  gun.    (See  Plate  XVI). 


CHAP.  XI. 


Mark  I. 

This  gun  was  roconimended  in  1864  on  the  belief  that  it  would  give  12-inch  of  25 
liigher  muzzle  velocity  than  the  13-iuch  gun,  but  the  trial  was  not  *^^»  ^^^^  ^' 
carried  out  till  1866. 

There  are  onl}-  four  of  this  construction  hi  the  service,  and  their  O.S.C.  Pro- 
weight  is  23i  tons,  but  by  an  order  of  3rd  July  1868,  to  avoid  confusion  5|g^^%go 
and  the  necessity  of  separate  series  on  account  of  weight  it  was  ap-         *  ^'      * 
proved  that  they  all  should  bear  the  same  designation,  viz.,  Ordnance, 
Rifled  M.Li,   12-incli  of  25-ton8,  this  being  the  weight  of  the  later 
patterns. 

12-inch  guns  are  used  for  turret  ships  and  coast  defence. 


Scaled 
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Makk  I.  conmsts  of : — 

A  tube  (toughened  steel). 


Sa02S. 
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12-incli  of  25 
10J9,  Mark  II. 


O.S.C.  Pro- 
1866,  p.  256. 


§  2022. 


5  lube. 
Breech-piece. 
TninDion  ring. 
7  coils. 
Cascable. 


Mark  II. 

This  pattern  was  introdaced  in  1866. 

The  number  of  12"  25-ton  guns  manufactured  up  to  June  1871  is 
15.  Of  these  4  are  on  the  original  or  Mark  I.  construction  and  8  on 
the  Mark  II.  pattern. 

The  remaining  two  guns,  Nos.  20  and  21,  are  of  the  same  construc- 
tion as  the  11"  gun  Mark  I.,  but  they  do  not  form  a  distinct  pattern, 
and  arc  known  by  their  numbers.  The  breech  of  these  two  guns  is 
rounded. 

Scale  ^. 


Mark  II.  consists  of: — 

A  tube  (toughened  steel). 
B  tube. 

Triple  coil  in  front  of  trunnions. 
Coiled  breech-piece. 

Jacket : — Breech-coil,  trunnion  ring,  and  ring  coil,  welded  to- 
gether. 
Cascable. 


12-liich  Rifled  M.L.  Gun  of  35  tons.    Mark  I.    S.S. 
There  is  only  one  pattern  of  this  gun.    (See  Plate  XVII.) 


the  proposed  battering  charge  of  the  gim,  it  was  decided  to  bore  it  out 
experimentally  to  12". 

This  calibre  was  finally  adopted  for  guns  of  this  weight,  of  which 
only  15  have  been  made.  The  cascable  terminates  in  a  plain  button 
instead  of  a  loop. 
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IBS    TOTAL  LEMOTH -^4 


Consists  of : — 

A  tube  (toughened  steel). 
JS  tube. 

Triple  coil  in  front  of  the  trunnion. 
Coiled  breech-piece, 

Jacket : — Breech  coil,  trunnion  ring,  and  ring  coil  welded  to- 
gether. 
Cascable. 


§  .2410. 


12*5-i2ich  Rifled  M.L.  Gun  of  38  tons,  Mark  I. 

See  Plate  XVIII. 

The  12 -inch  gun  of  35-tons  bebg  rather  short  for  its  other  dimen-  i2-5-incl»  of 
sions,  a  pattern  for  a  88-ton  gun  about  three  feet  longer  in  the  bore  88  tons,  Mark 
was  provisionally  approved  of  in  1873.  s*27Q2 

The  calibre  was  in  1874  approved  of  being  12.5  inches.*  ^ 

In  construction  this  gun  exactly  resembles  the  35-ton  gun,  already 
described,  from  which  it  differs  in  dimensions  only. 

Scale  -fg  inch=l  foot. 
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*  Tiro  38- ton  guns,  Nos.  2  and  3,  on  board  H.M.S.  ''  Thunderer "  retain  the 
calibre  of  12^'  temporarily. 
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E I  FLING.    Scale  1  incli » 1  £bot . 


13'  05  Rifled  M.L.  Gun  of  23  tons.    Mark  I.    L.8. 

1305-mch  cf  There  is  only  one  pattern  of  this  gun,  which  was  brought  forward 
•>3  tons,  Mark  in  1862  as  a  600-pr.  to  have  a  calibre  of  13'  3  inches.  In  18G4  four  of 
I.  these  guns  were  ordered  having  a  calibre  of  13  inches,  shunt,  rifling, 

uniform  spiral  and  A  tubes  of  untempered  steel,  closed  by  the  Elswick 

loose  end  similar  to  that  in  the  64-pr.,  Mark  II.    (See  Plate  V). 

AVe  may  look  upon  them  as  obsolete,  for  no  ammunition  is  made  for 

these  guns,  one  of  which  is  in  the  Royal  Military  Repository,  and  the 

other  in  Woolwich  Arsenal. 

ScflJe  -j^. 


3» 


*i4i-sLCNCTH  oraoRC  k 


I       : 

I     I  I 

-f  |S.7'>-iMJtt-*ia.7  »iu  -*—  £e.fi  --*--- 


-  42.0 -*« 


k-- 


-  101.7  OVCRALL    - 
-    wi  NOWNAL  LCriCTH 


^ 

»J 


>ra8  conrerted  to  the  Woolwich  grooye,  the  calibre  being  incre«8ed  to  13*05  inches. 
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RiPLiNO.    Scale  ^. 


CHAP.  XL 


mr^^jm 
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Consists  of . — 

A  tube,  uutempered  steel,  with  host  end. 

B  tube. 

Breech-piece. 

Trunnion  ring. 

15  coils. 

Cascable. 


16-mch  Rifled  M.L.  Gun^  L.S.  and  S.S.^  of  80  tons. 

See  Plate  XIX. 

In  1873  it  was  proposed  to  construct  a  more  powerful  gun  than  any  16-inch  guns 
of  the  service  ordnance,  and  that  au  experimental  gun  should  be  manu-  proposed  in 
factured  to  weigh  about  75  tons.  \^i^. 

In  1874  the  Secretary  of  State  for  War  ordered  the  manufacture  of 
a  gim  to  weigh  80  tons. 

It  was  completed  in  1875,  being  bored  up  to  14-5  inches,  and  in  Eiporimental 
September  of  that  year  was  fired  at  the  Proof  Butts,  giving  very  calibres  of 
satisfactory  results.  \^v;iq\i  gun. 

.  The  gun  was  subsequently  bored  up  to  15  inches. 

Since  then  it  has  been  bored  up  to  its  final  calibre  of  16  inches,  and 
fired  with  most  satisfactory  results  at  Shoeburyness,  vide  p.  2,  86,  87. 

It  consists  of  :— 

A  tube  (toughened  steel). 
i?tube. 

1  B  coil  (or  belt). 

2  B  coil. 

Coiled  breech-piece. 

C  coil  (or  jacket)  made  of  4  single  coils,  a  ring  coil,  and  a 

trunnion  ring. 
Cascable. 
The  rifling,  sighting,  venting,  &c.  of  the  piece  are  not  yet  finally 
settled  upon.    The  gun  is  chambered,  the  size  of  chamber  being  18 
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inches  in  diameter  and  of  a  length  of  59-6  inches.    A  stop  will  prevent 
the  g^  check  on  projectile  from  entering  the  chamber. 
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17-72-inch  Rifled  M.L.  Gun  L.S.  and  B.B.  of  100  tone. 
See  Plate  XX. 
In  187Sfournf  these  ^uns  were  purchased  from  the  EUwick  Ordnonco 
(Jompaiiy. 

OsJtyacs  Wbocoht  Iboh  Riflbd  M.L.  17  ■72-iiich,  100  tobs. 
Scale -A  ^1  foot. 


The  A  tube  consista  of  a  breech  and  mnzsde  portioa  I  A,  and  1  B, 
with  a  riug  over  the  joint. 

Over  the  A  tube  are  the  following  ocoIb  of  wrought  iron  2  A,  2  B,  2  C. 
2  D,  2  D',  2  F,  2  G,  and  2  H.  The  coils  2  E,  and  2  E'  come  immediately 
OYLT  the  2  D  and  2  D'  coils. 

The  third  layer  over  the  breech  is  formed  by  the  3  A,  3  B  and  3  C 
coils  and  a  separate  forged  trunnion  ring. 

The  fourth  and  outer  layer  consists  of  the  4  A',  4  A  and  4  B  coils. 
Portions  of  the  surface  of  some  of  the  coils  are  serrated  to  afford  ad- 
ditional grip  longitudinally  when  shrank  one  over  the  other. 

These  guns  are  polygrooved,  the  number  of  grooves  being  28.  The  Biding, 
epirid  is  an  increasing  twist  from  1  in  150  calibres  at  breech  to 
1  in  50  at  2'88  inches  from  muzzle  remainder  uniform.  The  chamber 
is  in  the  form  of  a  cylinder.  19*7  inches  in  diameter  terminated  at  eatch 
end  by  the  fnistrum  of  a  cone.  The  distance  from  where  gas  check  is 
stopped  by  the  termination  of  the  grooves  to  end  of  chamber  is  59*72 
inches.    The  venting  and  sighting  are  not  yet  settled. 

8-inoh  R.M.L  Howitzer  of  70  cwt.    L.S. 
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Slop. 


At  the  end  of  1870,  a  howitzer  was  proposed  to  weigh  about  70  cwt. 
to  be  employed  in  the  siege  train. 

Daring  the  early  part  of  1878  this  piece  was  tried  at  Shoeburyness 
with  good  results,  and  the  manufacture  of  these  pieces  being  now  pro- 
ceeded with,  they  will  shortly  bo  introduced  into  the  service. 

The  rifling  is  polygrooved,  and  the  number  of  grooves  24.  Spiral 
increasing  from  1  in  100  to  1  in  35. 

Three  quadrant  planes  on  surface  of  piece,  similar  to  the  light 
howitzers. 

The  gas  check  on  the  base  of  projectile  is  stopped  at  a  distance  of  8 
inches  from  the  bottom  of  the  bore,  by  putting  a  stop  in  the  grooves 
at  that  point.  This  gives  a  definite  air  space  for  the  charge.  The 
piece  is  vented  vertically,  the  vent  striking  bore  2'^  from  bottom. 

The  method  of  sighting  this  howitzer  has  not  yet  been  definitely 
settled.    (See  p.  292  for  details  of  grooves,  twist  of  rifling,  &c.) 


e-6-iiieli  R.M.I1.  Howitzer  of  36  cwt    L.8. 

Ordnance  Weouqut  Ibon.  I^.M.L.  Howitzeb,  6  •6-iyoH,  36  cwt.    Mask  I. 

Scale  j -in. » 1-foot. 
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This  howitzer  was  proposed  in  1877,  also  for  service  with  the  siege 
train. 

It  is  rifled  on  the  polygrooved  system  with  20  gi-ooves,  for  use  with 
rotating  gas  check. 

Three  quadrant  planes  are  cut  on  the  piece,  as  on  the  8-inch 
howitzer. 

Stop  for  gas  check  5"-075  from  end  of  bore. 

Sighting  not  yet  determined.  A  number  of  these  pieces  are  now  in 
course  of  manufacture. 


13-pr.  Rifled  M.L.  Gun  of  8  cwt.    L.S. 

In  1878  an  experimental  gun  of  this  nature  was  completed.    It  is 
intended  for  use  as  a  light  field  gun,  with  Horse  Artillery  and  light 
field  batteries. 
,  It  consists  of  : — 

A  tube  (toughened  steel). 

Jacket  consisting  of  a  breech  coil,  trunnion  ring,  and  muzzle 
coil. 
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CHAPTER  XII. 

EXAMINATION,  PRESERVATION,  AND  REPAIRS  OF      cHAP.Xn. 

ORDNANCE  AND  STORES. 


Examination  of  Ordnance. — ^Memorandum  of  examination  issued  with  eyery 
gun. — Periods  at  which  different  natures  of  ordnance  must  be  examined. — Mode 
of  examination. — How  to  examine  the  bore. — When  impressions  should  be  taken. 
— ^Mode  of  taking  gutta  percha  impressions  with  B.L.  and  with  M.L.  guns. — 
Natures  of  defects  usually  found  in  bore. — How  the  rent  should  be  examined. — 
Natures  of  defects  in  or  near  Tent. — As  to  sentencing  for  re-renting. — Examination 
of  B.Ii.  flttlnffs. — Defects  on  exterior  of  gun  of  little  importance. — Bepairs. — 
What  can  be  performed  in  the  field. — Be-coppering,  adjusting  new  fore-sights  or 
clamping  screw  for  hind  sights. — ^Be-yenting. — ^Bepairs  at  certain  stations. — 
Adjusting  Millar's  sights  to  a  S.B.  gun. — Bo-renting  heavy  guns. — Be-bushing 
7-inch  B.B.L. — ^Bepairs  to  be  carried  out  in  an  arsenal. — Preservation  of  Quns 
and  FittlQffa. — ^Painting,  browning,  lacquering  bore. — ^Yent  plugs. — Sights,  how 
preserred. — ^Blueing. — ^Bronzing. — ^Preserying  screws  should  be  used. — Tables. — 
Cleaning  and  examining  tools  for  S.B.  Ordnance. — Billed  Ordnance. — ^Venting 
tools. 


Examination.* 

Every  artilleryman  should  know  how  to  examine  the  weapons  with 
which  he  works,  and  should  understand  what  defects  in  guns  are  serious 
and  what  defects  may  be  disregarded,  while  it  is  of  great  importance  importance  of 
that  the  examination  of  both  guns  and  fittings  should  be  very  searching  examination, 
and  exact,  otherwise  a  small  flaw  left  unnoticed  may  endanger  the  life 
of  the  gun  in  future. 

Guns  must  therefore  be  frequently  examined  at  out-stations,f  but  as  Final  condem- 
it  requires  great  practice  and  experience  in  order  to  become  a  compe-  nation, 
tent  judge  of  the  various  conditions  of  all  the  different  natures  of  guns 
in  the  service,  it  has  been  directed  that  final  condemnation  shall  be 
pronounced  onl^  by  the  authorities  of  the  Koyal  Gun  Factories. 

In  all  cases,  however,  where  there  are  suflBciently  serious  defects  Provisional 
(p.  298),  or  if  there  be  any  doubt  as  to  the  serviceable  state  of  the  gun  condem- 
it  must  be  provisionally  condemned  and  a  report  made  of  the  same  as  ^^^^'^ 
mentioned  in  Appendix,  p.  372. 

As  described  at  p.  177,  every  gun  is  carefully  examined  after  proof  Ghms  ex- 
and  before  being  passed  into  the  service,  and  in  the  case  of  KB.L.  guns  amined,  Ac. 
vnth  reference  also  to  its  breech  fittings.  before  issue, 

*  Tide  instructions  relating  to  fitting,  care,  and  preservation  of  ordnance,  issued 
with  Army  Circular,  1878. 

t  This  will  be  done  by  the  Inspector  of  Warlike  Stores  or  other  competent  person 
as  mentioned  Appendix,  p.  372. 

(CO.)  U 


294 


SXAMIKATION,  PRESERVATION,  BEPAIRS. 


Mem')7andu2n 
of  exami- 
nation. 


CHAP.  Xn.       It  is  then  marked  with  the  broad  arrow  in  front  of  the  vent,  and  if 

it  be  a  rifled  giin  a  memorandum  of  examination  is  filled  in,  which  is 

in  fact  a  register  sheet  for  that  particular  piece. 

This  memorandum  of  examination  always  accompanies  the  gun  and  is 
in  possession  of  the  ofBcer  in  whose  charge  the  piece  may  be.  In  it  la 
given  the  information  required  by  any  one  who  has  to  examine  a  gun, 
viz.,  the  material  of  the  bore,  and,  in  the  case  of  muzzle-loading 
ordnance,  a  short  description  of  the  construction,  with  a  w^>^cat 
showing  the  gun  in  section.  The  defects  in  the  gun  at  the  time  of  its 
issue,*  the  number  of  rounds  it  has  fired,  and  the  subsequent  examinations 
are  also  stated.  When  a  gun  is  returned  to  the  R.(i.F.  for  repairs,  a 
new  memorandum  of  examination  is  made  out  after  the  repairs  are  com« 
pleted,  and  sent  out  with  the  gun  on  re-issue. 


FeriocU  of 
examination. 


S.B.  guns. 
Rifled  guns. 


Pet  tods  of  Examination, 

With  regard  to  the  periods  of  examinatian  the  following  niles  are 
laid  down: 

Every  gun  must  be  examined  after  firing  a  given  number  of  rounds 
with  projectile  as  under : — 

Gp  n««+;w%«  r^^T^^f  ^^^^S  1^  ^^8.  charges  t  and  upward  100 
S.B.  Cast  iron  gmis  j  ^^^^^  ^^  ^^^  ^^^^^      »^  ^         i  ^^ 

fd-inch  guns  and  upwards        .,         60 
Rifled  guns  B.L.  and  M.L.     ^  8",  7",  and  64  prs.    . .  . .       100 

1^40-prs. 


and  under. 


150 


If  however  there  should  be  any  appearance  of  fissures  about  the 
vent,  or  other  defects  likely  to  develop,  all  guns  will  be  examined  after 
every  50  rounds,  or  more  frequently  as  examining  ofS^cer  may  direct. 


Preparing  a 
gmi  for 
examination. 


Cleaning  with 
potash  water. 


Mode  of  Examination. 

The  bore  should  be  thoroughly  cleaned,  as  it  is  not  possible  to  detect 
small  defects,  which  may  sometimes  be  of  importance,  if  the  bore  bo 
in  a  rusty  or  very  greasy  state.  If  care  has  previously  been  taken 
in  keeping  a  gun  tolerably  clean,  it  will  probably  be  sidQSciently  pre- 
pared for  examination  by  washing,  brushing,  and  drying  with  tow  or 
a  clean  sponge  head.  If,  however,  there  be  hard  rust  which  will  not 
yield,  or  a  thick  coating  of  lacquer  or  grease,  the  bore  may  be 
cleaned  either  by  firing,  if  circumstances  admit,  one  or  two  scaling 
charges,  about  one-third  the  full  service  charge,  without  projectiles, 
which  will  usually  loosen  the  scale,  or  by  the  use  of  hot  water  and 
potash,  in  the  following  manner : — 

About  a  gallon  of  boiling  water  is  poured  on  one  pound  of  black 
American  potash,  and  an  old  sponge  covered  with  a  canvas  cap,  or 
some  substitute  to  make  it  tight  to  the  bore,  is  dipped  into  the  solution. 
The  bore  is  then  rubbed  till  the  dirt  is  loose,  when  the  hard  brush 
will  remove  it ;  it  is  then  wiped  dry  with  tow,  &o.,  and  slightly  oiled. 
The  potash  water  must  be  used  very  hot,  and  the  sponge  must  be  very 
tight,  or  the  process  is  ineffectual.  If  the  dirt  be  very  thick  in  the 
small  grooves  of  the  Armstrong  B.L.  guns,  a  common  pricker  with  the 
point  filed  flat  is  useful.    No  suarp  edged  or  pointed  scrapers  should 


•  See^ 
manner 
t 


.  297*    The  position  of  defects  developed  on  serrioe  are  noted  in  a  similar 


68-pr. 
66-pr. 
42rpr. 


S2-pr.,  68  cwt. 
32-pr.,  58  cwt. 
82-pr.,  66  cwt. 
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be  employed  for  cleaning  the  bores  of  rifled  guns ;  tlieA'  are  unnecessary    nrr  ap  ytt 
and  are  liable  to  mjure  the  riUmg.  ._^ 

As  to  taking  impressions  genenerally  speaking: — With  S,  B.  guns  it  j.      .  ^^^^^ 
will  usually  be  only  necessary  to  take  one  of  the  vent  and  that  portion  of^iSpretBioM 
of  the  bore  immediately  adjoining  it.    With  K.B.L.  pieces  impressions  generally 
would  only  be  taken  when  naws  were  seen,  a&d  as  a  rule  of  the  breech  required, 
bush  in  the  gun  and  of  the  face  of  the  vent  piece.    With  converted 
guns  impressions  of  the  whole  of  the  powder  chamber  showing  also 
the  cup  and  the  joint  where  the  cup  closes  the  end  of  the  bore  should  be 
taken.  With  K.M.L.  steel-lined  guns,  unless  ecormg,  damage  by  shell, 
or  incipient  cracks  are  thought  possibly  to  esst,  an  impression  of  the 
vent  wouM  very  often  be  sufficient. 

Examination  of  bore  (including  Chamber)* 

For  the  purpose  of  this  examination  tools  are  provided  for  S.B.  and  Bore. 
Kifled  guns  respectively  as  shown  in  Tables,  pp. 

The  bore,  being  cleaned,  should  be  examined  by  aid  of  a  lamp  ;    if  Examination 
the  surface  is  slightly  wet  the  detection  of  defects  by  this  means  is  by  means  of 
greatly  facilitated.    A  sharp  pointed  pricker  is  used  to  ascertain  the  Iftmp. 
extent  and  position  of  any  flaw,  the  stave  being  graduated  in  inches  so 
that  the  distance  from  the  muzzle  may  be  readUy  ascertained.  A  spring  Spring 
searcher  is  also  used  to  detect  defects,  and  with  B.L.  guns  in  such  a  searcher, 
manner  that  each  groove  shall  be  traversed  in  succession  by  one  of  the 
points.     A  pricker  with  "  blunted  point,"  or  rather  a  flat  edge,  is  also  Blunted 
supplied,  and  is  useful  in  searching  the  defects  in  coiled  barrels.  pricker. 

Should  any  defects  be  discovered  they  need  not  be  taken  notice  of,  in  Defects  in 
the  case  of  S.B.  guns,  unless  they  are  0""1  deep  in  rear  of,  or  0"*  2  deep  S.B.  guns, 
in  fix)nt  of  the  trunnions,  or  unless  they  have  Ragged  edges  likely  to 
retain  pieces  of  cartridge ;  and  in  the  case  of  nfled  guns,  unless  they  Defects  in 
are  new  defects  not  shown  on  the  memorandum  of  examination,  or  old  rifled  guna. 
ones  which  have  materially  increased.     If  the  defects,  however,  be  of  impressions  to 
the  natures  mentioned,  impressions  must  be  taken  of  the  bore.  be  taken. 

For  S.B.  guns  an  impression  of  the  defect  will  be  taken  by  means  of  a  Temporary 
pricker  having  a  copper  pan  attached  to  it  below.  This  impression  isonly  impression. 
a  temporary  one,  taken  with  a  mixture  of  soft  soap,  bees-wax,  and  treacle.* 

A  special  instrument  is  issued  with  rifled  guns  to  take  an  impression  of 
bore  (including  powder  chamber).    To  use  this  instrument  '*  for  taking  Instrument 
impressions  of  bores,"  prepared  gutta  percha  (Vide  appendix,  p.  874),  is  ^or  taking 
laid  on  a  gun  metal  plate  secured  by  scrwrs  to  a  frame.   The  upper  part  of  img'esrion* 
the  frame  itself  answers  as  a  plate  for  some  natures.  The  frame  is  attached       "<>'®®- 
to  a  long  hollow  tube,  and  is  so  made  thait  the  upper  portion  can  be  raised 
or  lowered  by  bell  crank  levers,  worked  by  a  right  and  left  handed  screw. 
The  screw  forms  part  of  a  rod  pasmng  through  the  frame  handle,  and 
to  the  outer  end  of  the  bar  is  attached  a  cross  handle,  by  working 
which,  the  plate  carrying  the  gutta  percha  can  be  forced  up  against 
the  bore  or  powder  chamber  when  roqfuired,  or  lowered  when  the  gutta 
percha  is  suflSciently  hardened. 

Should  this  instrument  not  be  availaible,  wood  blocks  such  as  those 
shown  b^w  for  taking  impressions  erf  the  whole  length  of  the  bore 
may  be  used.  They  can  be  made  by  «iy  carp«enter,t  but  it  requires 
some  practice  to  take  good  impressicHoe  with  them.  It  is  therefore 
advisable  to  take  impressions  of  the  powder  chamber  if  possible  with 
the  special  instrument  provided  with  examining  tools. 


*  Should  a  permanent  impression  be  required  it  must  be  taken  with  gutta-pflroha 
with  vhateyer  means  may  be  available, 
t  These  bloc^  axe  thcowf ore  not  iuued. 

(C.O.)  U  8 
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CHAP.  XIJ. 

Long  im- 
pressions. 
§  1625. 


In  all  cases  where  there  is  any  doubt  as  to  the  state  of  the  bore 
in  the  case  of  rifled  guns,  impressioas  should  be  taken  of  the  whole 
length  by  means  of  these  blocks. 
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Method  of 
asing  wood 


The  wood  blocks  are  thus  used  :— 

Blocks  A  (tapering  from  the  centre  for  B.L.  gtms,  and  frcm  (Le 
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breech  for  M.L.  guns)  with  their  wedges  B  should  be  made  fco  suit  the    CHAP.  XII. 

diameter  of  the  bores  to  be  taken,  leaving  room  for  about  0-26  inch         

of  gutta  percha  when  the  wedge  or  wedges  are  driven  home,  then 
proceed  as  follows : — 

A  sufficient  quantity  of  gutta-percha  prepared  as  in  Appendix,  p.  374   Preparation 
is  laid  along  the  block  A,  which  has  been  previously  prepared  by  of  the  gutta 
rubbing  it  over  with  a  little  soft  soap.    The  gun  is  so  placed  that  percha. 
the  impression  required  will  be  taken  upwards,  the  block  A  is  inseiiied 
into  the  bore,  and  the  wedge  B  (if  a  B.L.  gun  by  simultaneous  blows 
at  both  ends)  is  driven  well  home  with  mauls ;   a  small  wedge  C  is 
then  forced  between  the  ends  of  the  blocks  A  and  B. 

Method  op  rsiKa  thb  Wood  Blocks  tob  taeikg  Gittta-Fsbcha  Iicfbes- 

Bio^s  OF  THE  Bores  of  Qxrsa. 

Scale  ^  size. 


This  can  easily  be  withdrawn  in  about  10  or  15  minutes,  according 
to  the  temperature,  when  the  impression  has  become  cold,  and  thus 
gives  slackness  to  the  wedge  B  and  the  block  A,  which  are  withdrawn 
in  the  order  named  together  with  the  impressions,  which  can  be  readily 
removed  from  the  block,  being  prevented  from  sticking  by  the  soft  soap. 

Before  impressions  are  taken  the  bore  should  be  quite  clean  but 
slightly  greasy ;  if  quite  dry  the  giitta-percha  will  adhere  to  it,  and 
the  impression  been  damaged  in  removal. 

In  order  to  note  in  returns*  the  position  of  any  flaw,  &c.  upon  an  Position  of 
impression,  their   distance    from  the  muzzle  is  measured  in  inches  flaws,  &c., 
and  noted  as  up,  right  of  up,  &c.,  as  the  case  may  be.  how  noted 

Defects  in  powder  chamber  of  K.B.L.  guns  are  measured  from  the  r^^^*"^' 
breech  end,  and  noted  in  a  similar  manner  to  defects  in  the  bore. 

Circumferential  defects  are  noted  round  the  bore  in  the  direction  of  the 
movement  of  the  hands  of  a  clock,  e.^.,  R  of  Up  to  R  to  D,  L  of  D  to  L 
to  L  of  Up. 

I^IFBESSZOirS  ABBAKQED  FOB  BBOOBDIVa 

DEFECTS. 
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•  Tide  Appendix,  pp.  S75,  376. 
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Labelling  impresiions. 

When  an  impression  is  forwarded  with  a  return  for  report  or  de- 
cision, a  label  will  be  gummed  to  the  back,  showing  the  name  of  the 
station,  the  date  of  taking  the  impressicHif  the  direction  of  the  muzzle, 
the  nature  and  number  of  the  gun,  the  position  of  the  fissures  (if  it  be 
in  any  part  but  the  vent)  defined  according  to  directions. 

The  impressions  should  be  reduced  to  the  smallest  dimensions  com- 
patible Avith  showing  the  whole  of  the  defect 


S.B.  gans. 
Corrosion  of 
bore. 

Rifled  guns. 
Tod  marks. 


Wearing  of 
the  grooves. 


Defects  in 
wrought  iron 
barrel. 


Defects  in  Bore. 

In  S.B.  guns  the  bore  is  liable  to  be  much  corroded  if  exposed  to 
the  action  of  salt  water,  and  occasionally  a  flaw  in  the  metal  leaving  a 
hole  may  also  occur.  Generally  speaking,  however,  the  defects  which 
condemn  such  pieces  will  be  found  at  or  abontfthe  vent,  vide  p.  300. 

With  rifled  guns  the  foQowin^  defects  are  likely  to  be  found. 

(1.)  "Tool  marks,'^  or  slight  irregularities  and  scratches  caused  in 
manufacture  during  the  boring  and  riflings  A  chip  or  grain  of  sand 
getting  between  boring  orrifling  head  will  cause  such  tool  marks,  while 
the  emery  powder  used  in  lapping  leaves  very  fine  marks  on  the  hard 
surface  of  the  steel  tubes. 

With  steel  tubes,  on  account  oi  the  hard  smooth  surface,  these  are 
more  apparent  and  have  been  at  timee  mistaken  for  fine  cracks  when 
running  along  the  bore.  To  an  expenenced  eye,  however,  the  difference 
is  easily  perceptible. 

(2.)  Slight  wear  of  the  sides  of  the  grooves  from  the  friction  and 
over-riding  of  the  studs  of  projectile  is  also  found  at  times,  but  this 
takes  place  as  a  rule  only  in  guns  having  iron  tubes,  or  when  with  steel 
tubes  a  uniform  twist  is  employed  with  a  heavy  gun. 

(8.)  With  wrought  iron  "  A  "  tubes*  imperfections  of  weld  frequently 
exist,  and  scarcely  any  are  quite  free  from  them ;  they  are,  however, 
of  little  consequence  as  a  rule,  unless  they  are  found  to  increase  very 
much  when  the  gun  is  used. 

The  following  are  the  technical  names  of  the  several  defects  likely  to 
be  found  in  wrought  iron  barrels :  — 

"  Coil  marks,"  'Adhere  the  line  of  coil  running  round  the  barrel  is 
visible,  the  weld  not  being  quite  perfect ;  but  in  this  case  the  defect 
has  no  appreciable  depth  ;  and  is  of  little  consequence. 

"  Defective  welds,"  the  same  sort  of  defect  as  "  coil  marks,"  but 
deeper  and  m6i*e  important ;  they  run  round  the  bore  in  coiled  barrels 
and  along  it  in  solid  forged  barrels. 

"  Specks,"  small  pots  and  pinholes  in  the  metal,  caused  by  dirt  in 
iron  ;  blisters,  &c.    These  sometimes  occur  in  clusters. 

"  Flaws,"  larger  defects  of  the  same  natiu-e. 

"  Longitudinal  cracks  "  are  also  found  in  solid  forged  barrels,  caused 
by  the  gas  eating  into  the  defective  welds  and  splitting  the  barrel 
lengthways. 

"  Scoring"  or  "Guttering"  about  the  seat  of  the  projectile,  caused 
by  the  rush  of  gas  through  the  windage  in  M.L.  guns,  occurs  in  the 
coiled  barrels  of  heavy  guns  (few  of  which  have  been  made),  and 
"  longitudinal  cracks  "  are  also  sometimes  developed. 

The  experience  of  years  has  proved  that  flaws,  coil  marks,  and 


-  •  The  material  of  which  the  brrrels  are  made  has  for  some  jcars  past  been  stampod 
on  the  muzzle,  and  is  also  entered  in  the  **  memorandam  of  examination." 
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0y0D  defective  welds  are  of  little  importance  in  gons  not  exceeding   CHAP.  XII. 
tiie  size  and  power  of  the  7-incli  B.L.  gun.    The  importance  of  a  defect         ": — 
depends  in  a  great  measure  on  its  position  in  the  gun,  one  in  rear  of  the  ^1^^  « 
trunnions,  especially  if  in  the  powder  chamber,  being  more  dangerous  ^^^  impor- 
than  one  of  the  same  nature  and  extent  in  front  of  the  trunnions,  as  the  tance  intK>ilcd 
powder  gas  acts  much  more  rapidly  upon  it,  and  it  is  liable  moreover  in  barrels. 
M,\u  guns  to  hold  a  piece  of  ignited  caitridge.    Few  instances  have 
occurmi  in  which  defects  in  coiled  barrels  have  caused  accidents  or  have 
increased  in  any  mateiial  degree  after  issue,  unless  they  exist  in  the 
powder  chamber,  and  for  this  reason  no  guns  have  been  issued  for  some 
years  past  with  any  defect  except  of  the  most  trifling  character  in  that 
part  of  the  bore. 

It  has  been  found  that  in  M.L.  guns  having  coiled  iron  barrels  Longitudinal 
(64-prs.  and  a  few  of  the  heavier  natures,  see  p.  81),  the  tube  is  liable  cracks  in 
to  splilt  in  the  chamber  in  continuation  of  the  cage  of  one  of  the  barrels, 
grooves. 

(4.)  Sted  barrels  are  fortunately  free  from  the  defects  so  inherent  to  Defects  in 
wrought  iron,  and  generally  show  us  a  beautifully  smooth  and  even  8*®el  barrels. 
surface,  very  slightly  scored  by  a  number  of  very  minute  tool  marks. 
Occasionally  a  small  piece  is  found  chipped  out  as  it  were,  but  leaving 
a  smooth  hollow  benmd  it,  which  if  small  is  quite  an  unimportant 
defect. 

Longitudinal  cracks  at  times  occur  which  develop  into  splits.    When  Longitudinal 
such  are  found  they  are  of  far  more  importance  than  similar  cracks  in  a  cracks, 
wrought  iron  tube. 

A  few  instancQS  have  occurred  in  which  steel  tubes  have  split  on  Splitting  of 
service  from  the  bursting  of  a  shell  inside  the  bore ;  in  some  of  these  steel  barrels, 
the  tube  split  at  the  muzzle.     In  cases  where  steel  barrels  have  split  it  ^^^  caused. 
M.L.  experimental  gims  when  being  tested  for  endurance,  the  crack 
has  commenced  at  the  edge  of  one  of  the  grooves  (as  in  coiled  barrels) 
and  extended  into  the  powder  chamber ;  as  a  crack  in  the  chamber, 
should  it  exist,  might  be  so  fine  as  not  to  be  visible  from  the  muzzle,  it 
is  essential  that  impressions  in  gutta-percha  should  in  all  cases  be  taken 
of  the  chamber  of  rifled  M.L.  guns, 'as  before  stated,  and  care  must  be 
taken  to  discriminate  between  a  crack  and  a  superficial  streak  or  tool 
mark. 

(5.)  Scoring  or  guttering  was  caused  by  the  rush  of  gas  round  the  Scoring  or 
projectile  in  R.M.L.  guns  due  to  windage,  and  was  common  to  both  guttering, 
iron  and  steel  barrels.    This  wear  is  principally  over  the  top  of  the  p        ^i      f 
projectile  where  windage  is  greatest  owing  to  projectile  resting  on  its  ^^^  ^j  ° 
lower  studs.    In  small  guns  this  was  very  slight,  but  when  very  heavy  g^a  checks, 
charges  were  used  the  surface  of  the  bore  was  gradually  eaten  away 
to  a  considerable  extent,  but  even  in  extreme  cases  scoring  has  not 
caused  the  destruction  of  a  gun,  though  in  some  instances  acting  on  q^  checks 
the  comer  of  a  groove  it  has  tended  to  split  the  tube.    Where  gas  to  prevent 
•checks  are  employed,  this  defect  exists  in  a  very  slight  dep^ree.  scoring. 

(6.)  A^am,  we  have  sometimes  **  dents  "  or  "  abrasions  **  caused  by  pents  or 
the  bursting  of  a  shell  in  the  bore ;  these  are  as  a  rule  of  very  little  abrasions 
importance.    In  one  or  two  instances  muzzles  have  been  blown  off  due  to  shell 
from  this  cause ;  but  generally  the  only  result  is  to  cut  up  and  graze  bursting. 
the  bore  more  or  less.    It  is  found  that  such  injuries  seldom  interfere 
with  the  efficiency  of  the  piece,  and  an  armourer  can  generally  file  down 
.any  metal  set  up  in  the  bore. 

Sentence  as  to  bore. 

In  sentencing  a  gun  according  to  the  state  of  the  bore,  it  is  essen-  Sentence 
iiil  to  discriminate  between  defects  which  are  characteristic  of  the  as  to  bore. 
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CHAP.  XU.    material,  and  cannot  wholly  be  avoided  in  manufacture,  and  those  which 

are  created  or  developed  on  service,  such  as  cracks  in  a  steel  tube. 

In  coiled  barrels  defects  are  often  numerous  and  generally  of  little 

importance,  while  in  steel  barrels  the  case  is  reversed ;  defects  seldom 

occur,  but  when  they  do  they  are  generally  speaking  of  great  importance. 

It  is  almost  impossible  to  lay  down  any  definite  rules  as  regards  the 

extent  or  depth  of  a  defect  which  should  necessitate  the  condemnation 

of  a  barrel ;  a  great  deal  must  be  left  to  the  judgment  and  experience 

of  the  inspector. 

Sentence  on  Unless  there  is  reason  to  believe  that  there  has  been  some  material 

coded  barrels,  change  from  the  former  state  of  the  defects,  a  gun  with  a  coiled  barrel 

need  not  be  condemned.  Speaking  generally,  the  depth  of  a  defect  is 
of  more  importance  than  its  extent,  but,  should  a  defective  weld  run 
Hght  round  the  bore,  the  gun  would  be  liable  to  part  at  that  point,  and 
must  be  considered  unserviceable.  The  best  method  of  testing  a  gun 
is  to  take  an  impression  of  the  defect,  then  to  fire  a  few  rounds  and 
take  another  impression ;  if  on  comparing  these  impressions  the  defect 
does  not  appear  to  have  increased,  the  barrel  may  be  considered  as 
serviceable. 

In  solid  forged  barrels  a  fiaw  running  lengthways  has  a  tendency  to 
develop  into  a  crack,  especially  if  it  occur  in  the  powder  chamber.  If 
the  inspector  finds  a  case  of  this  kind  he  will  put  the  gun  aside,  but  he 
will  endeavour  to  discriminate  between  this  and  a  mere  streaky  line, 
which  is  unimportant. 

As  to  steel  barrels,  any  crack,  however  fine,  would  necessitate  the 
provisional  condenmation  of  the  gun. 


Solid  forged. 


Steel  barrel. 


Examination 
of  rent. 

Gauging. 


Impreedons  of 

rents. 


Examtnaticn  of  Vent, 

Besides  examining  the  bore  of  a  gun,  it  is  necessary  especially  to 
examine  the  vent-bush  itself,  and  that  part  of  the  chamber  or  bore  of 
the  piece  where  it  enters.  For  this  purpose  in  S.B.  and  R.M.L.  guns, 
the  vent  channel  is  thoroughly  cleared  and  scraped,  and  then  gauged 
by  means  of  a  set  of  gauges  issued  for  the  purpose. 

It  is  not  uncommon  to  find  a  ^^  choke  "  where  the  metal  has  been  set 
up  near  the  bottom  of  the  vent ;  this  should  be  removed  by  a  drill  or 
rimer  before  the  gauge  is  taken. 

A  clean  impression  of  the  bottom  of  the  vent  must  also  be  taken,  this 
will  be  taken  with  the  improved  instruments  for  taking  impressions  of 
bores,  the  plates  for  which  are  now  fitted  with  ends  to  suit  the  cham- 
bers of  gims,  or  they  may  be  taken  with  the  instrument  provided 
among  the  tools  for  venting  ordnance. 

In  using  the  instrument  for  taking  impressions  of  vents,  a  small  piece 
of  prepared  gutta-percha  is  placed  on  the  pan  of  the  instrument,  (which 
should  have  been  previously  fitted  with  a  pad  of  gutta-percha)  and 
screwed  up  against  the  vent  or  other  part  of  the  bore  of  which  an  im- 
pression is  to  be  taken.  It  is  there  left  until  cold  (from  ten  to  twenty 
minutes  according  to  the  weather),  and  the  instrument  is  then  with- 
drawn. A  little  soft  soap,  or  if  that  be  not  available,  common  soap  and 
water,  oil  or  grease  will  prevent  the  impression  sticking  to  the  pad. 
The  bore  of  the  gun  should  be  slightly  greased.  Too  much  pressure 
must  not  be  applied,  otherwise  the  impression  will  be  very  thin,  and  if 
the  defect  be  deep,  it  will  be  diflScult  to  remove  the  gutta-percha.  A 
good  deal  of  practice  is  required  to  get  good  smooth  impressions,  and 
goveral  impressions  of  the  vent  have  sometimes  to  be  taken  before  one 
is  obtained  which  can  bo  relied  on  to  show  any  hair  lines. 

K.BL.  guns  are  vented  through  the  breech  block  or  vent  piece, 
sea  p.  303,  for  mode  of  examining  the  same. 
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Defects  as  to  vent,  and  sentence. 


The  effect  of  service  on  a  vent  is  seen  either  by  a  gradual  increase  to  Effect  of  firing 
the  channel  of  the  vent  itself,  by  an  irregular  wearing  away  of  the  on  rent*, 
bottom,  by  the  metal  of  the  vent  setting  up,  and  the  gas  fonning  a 
hollow  ring  round  it,  or  by  fissures  or  niur  Imes  radiating  into  tiie 
metal  of  the  bore  from  the  edge  of  the  vent  bush. 

The  following  are  the  existing  regulations  as  to  sentencing  guns, 
either  for  re-venting*  or  condemnation,  according  to  the  state  of  their 
vents. 

1  (u).   S.B.  and  converted  guns. — To  be  revented  if  0"-3  gauge  Ee-Tenting. 
passes  do^vi,  the  vent. 

1  (b).  All  other  Rifled  guns  — To  be  revented  if  0"*25  gauge  passes 
down  the  vent. 

2  (a).  S.B,  unbushedt    guns. — Should  there  be  a  cavity   at    the  Onbuihed 
bottom,  or  any  hair  lines  or  fissures,  the  extent  of  the  defects  will  gnus. 

be  measured  on  the  impression,  If  they  be  of  a  length  beyond  ■  2-inch, 
but  not  exceeding  'SS-inch  from  the  original  centre,  the  gim  will  be 
sentenced  for  cone  venting ;  if  ■  35-inch,  but  not  -S-inch,  for  through 
venting;  if  beyond  that  limit,  the  gun  will  be  reported  provisionally  as 
unserviceable. 

UsBcsHED  Orsa. 


2  {I).  S.B.  Bushed  guns.    The  defects  usually  found  round  the  vent  Bmliod  guas. 
of  bushed  guns,  are  the  giving  way  of  the  iron  ronnd  the  bush,  from 
the  gas  getting  in  between  the  two  metals  (see  Fig.  2),  and  the  fissures 
or  hair  fiies,  which  radiate  in  the  iron,  from  the  edge  of  the  vent  bush 
(see  Fig.  3). 


•  Por  re'Venting,  Tide  p.  314. 

t  Tei7  feiT  of  Bnch  nuu  would  now  be  found,  oi  all  gims  issued  from  R.G.F.  tinco 
1B65  hsTe  been  buihed.  Still  S.B.  guna  might  hkre  to  be  drawn  tuna  ttorei  abroad 
where  imbuabod  guni  are  occMunuUf  on  charge. 
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BuaHRS  Grsa. — Fig.  2. 


BusEED  Ginis.—Fig.  S. 


The  metal  round  a  buah  begins  to  pve  way  almost  immediately 
after  a  gun  is  veEted,  forming  a  holbw  ling  round  it,  wliicli  gradually 
increases.  So  long  as  this  wear  ia  uniform,  and  tbe  edges  are  not 
jagged  it  is  not  of  importance  ;  and  guns  will  not  be  re-vented  or  con- 
demned for  tills  cause  until  the  ring  has  become  0'1-inch  deep,  or 
O-I-inch  wide.  IE,  however,  the  edges  are  -ragged,  or  if  one  side  has  . 
given  way  much  more  than  the  o&er,  so  as  to  be  likely  to  hold  a  piece 
of  unconsmued  cartridge,  the  examiner  must  use  his  discretion  as  to 
eentendng  the  gun,  it  being  imposaible  to  lay  down  Used  rules  for  all 

Fissures  or  hair  lines,  radiating  in  the  iron  from  tbe  edge  of  the 
bush,  will  be  found  in  bushed  guns.  There  will  oftoa  be  one  on  either 
side,  and  a  third  fo  the  front.  The  examiner  will  carefully  trace  the 
fine  lines  on  the  gutta-percha  impressions,  and  if  they  extcad  in  S.B. 
guns  more  than  one-tenth  part  of  the  circumference  of  the  liore  in  any 
direction,  measured  from  the  original  centre,  he  will  provisionally  con- 
demn the  gun.    One-tenth  may  be  taken  as — 

68-pr. 2i  inches. 

32  „ 2      „ 

24  „ 1|    „ 

(3.)  R.M.L.  Should  the  rmg  (Fig.  2)  above,  worn  away  round  bottom 
of  bush,  be  0'"075  wide  or  0"-l  deep,  er  jagged  aud  irregular,  so  as  to 
be  in  the  opinion  of  the  examiner  likely  to  retain  a  piece  of  cartridge, 
the  gun  would  be  condemned  for  re-bushing  and  if  possible  with  a  cone 
bush.  Much  wear  of  the  lower  portion  of  the  fire  channel  in  the  vent 
will  also  necessitate  the  reventing  of  tbe  gun.  The  amount  and  nature 
of  wear,  which  should  condemn  a  veiit,  must  be  left  to  tlie  judgment  of 
the  examiner.  Generally  speaking,  if  any  sign  of  fissuivs  of  th« 
copper  is  apparent,  or  if  the  thickness  of  the  wall  is  much  reduced  in 
any  part,  the  vent  must  be  condemned.  A  reduction  to  a  thickness  of 
0"'15  at  the  bottom  would  usually  necessitate  condenmation,  though  no 
absolute  rule  can  be  hud  down  on  the  subject. 
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In  case  of  hair  lines  radiating  from  the  edge  of  the  vent  in  steel  Imed   CHAP.  XU, 

pieces  the  gun  must  be  provisionallj  condemned  should  the  hair  lines         

be  1-inch  in  length,  unless  when  directly  to  the  front  or  rear,  when  the  H^^h^es. 
limit  of  condemnation  is  smaller,  ^inch,  owing  to  that  positicm  bemg 
the  worst  for  thedevelopment  of  a  crack.    The  measurements  are  taken 
from  the  edge  of  the  bush. 

In  heavy  guns  with  steel  barrels  a  so-called  fissure  frequently 
develops  in  front  of  the  vent  (caused  apparently  by  the  rush  of  gas  Fissures, 
through  the  vent  channel).  This  fissure  partakes  at  first  of  the  nature 
of  a  slight  scoring.  If  not  attended  to  it  may  increase  in  depth  mto  a 
crack:  such  a  fissure  should,  therefore,  be  filed  out,  and  an  examiner 
must  use  his  judgment  as  to  when  this  operation  is  necessary,  but  in 
no  case  should  such  scoring  be  allowed  to  attain  a  depth  of  0"-01. 

Although  a  properly  instructed  examiner  will  generally  be  able  with 
the  aid  of  the  above  rules  to  sentence  a  vent,  either  as  serviceable 
for  another  series  of  rounds,  or  for  reventing,  yet  many  cases  will 
arise  in  which  it  will  be  advisable  for  the  vent  to  be  sentenced  as  fit  to 
fire  some  smaller  number  of  rounds,  and  then  to  be  further  examiued. 
Such  cases  must  be  left  to  the  discretion  of  those  whose  duty  it  is  to 
give  sentence  on  the  impressions  taken. 


Examination  of  B^J^,  fittings, 

(1.)  The  breech-screw  will  be  examined  with  the  straight-edge,  in  Examination 
order  to  ascertain  that  the  face  is  quite  fiat  and  true;  it  it  be  not,  it  o^  breech- 
will  be  filed ;  the  thread  should  be  examined  by  tapping  with  a  wooden  *^®^^»  leTer, 
mallet,  arid  should  not  be  broken  or  burred,  but  a  considerable  portion  ?^PP®^  *°^ 
may  be  removed,  if  injured,  without  destroying  the  eflficiency  of  the     ^^^  ^""' 
screw. 

The  lever  and  tappet  should  be  sound ;  the  lever  handles  of  naval 
guns  are  sometimes  broken  off,  but  the  lever  can  still  be  used  in  this 
state,  though  not  so  conveniently.    The  keep  pins  must  be  sound. 

(2.)  The  vent-piece  is  the  most  important  fitting,  and  should  be  per-  Vent-piccc 
fectly  sound,  neither  cracked  nor  bulged.  The  back  and  sides  when 
tested  by  the  straight-edge,  should  be  quite  flat  and  true :  the  fracture 
of  vent-pieces  is  frequently  owing  to  the  back  not  being  true  to  the 
face  of  the  screw.  The  copper  ring  on  the  vent-piece,  as  weU  as  the 
breech  bush  at  the  end  of  the  barrel,  must  be  sufficiently  high  to  pre- 
vent the  action  of  the  gas  on  any  part  of  the  iron.  The  angle  face  of 
the  7-inch  vent-pieces  should  be  flat,  and  should  work  truly  agamst 
the  end  of  the  barrel,  and  the  "  nose  "  should  fit  closely,  but  not  too 
tightly,  into  its  place.  • 

The  copper  bushes  in  the  neck  of  the  vent-piece  should  be  m  good  Vent  bush 
order ;  if  they  are  so  much  worn  that  a  O-S-inch  gauge  can  pass 
through,  the  friction  tube  is  liable  to  be  pulled  out  without  being  fired, 
and  the  bushes  will  be  renewed  from  the  spare  sets  issued  for  the 
purpose.  A  cavity  frequently  forms  at  the  angle  of  the  vent  channel, 
but  this  (which  should  be  examined  with  a  probe)  does  not  entail  the 
immediate  condemnation  of  the  vent-piece,  unless  the  examiner  con- 
siders it  dangerously  large. 

The  cross-head  should  not  be  loose,  as  instances  have  occurred  of  its  Ci-osa  head, 
being  broken  off  whilst  firing.    In  all  cases  before  taking  a  vent-piece 
into  use  for  practice,  it  will  be  advisable  to  test  the  soundness  of  the 
crosshead,  as  well  as  that  of  the  neck  by  tapping  with  a  hammer. 

The  bush  of  a  R.B.L.  gun  will  be  sentenced  to  be  renewed  if  found  Breech  bush 
to  be  so  much  expanded  that  the  gas  could  escape  between  it  and  the  and  vent  piece 

copper  rirg. 
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How|)repared 
for  painting. 


tia  cup  or  vent-piece,  and  when  it  is  not  possible  to  remedy  the  same 
by  facing.  In  order  to  prevent  serious  damage  to  gun  and  vent*piece 
especial  attention  should  be  paid,  both  before  and  during  practice,  to 
the  breech  bush  in  the  gun,  and  the  copper  ring  on  the  face  of  the  vent- 
piece.  If  at  all  dented  they  should  be  carefully  faced  before  use. 
During  practice,  the  officer  in  charge  should  ensure  these  points 
bemg  looked  to  constantly,  and  stop  practice  with  any  gun  or  vent- 
piece,  in  which  eating  away  of  the  copper  by  the  escape  of  gas  begins 
to  show  itself.  When  this  once  sets  up  a  few  rounds  are  often 
sufficient  to  damage  permanently  the  gun  or  vent-piece. 

Examination  of  exterior. 

In  examinmg  the  exterior  of  a  cast  iron  gun  the  pomts  to  pay  at- 
tention to  are  the  soundness  of  the  trunnions  and  cascable  loop. 

Very  considerable  defects  may  exist  on  the  exterior  of  a  wrought 
iron  gun,  without  the  strength  being  affected.  Occasionally  on  firing, 
one  of  the  outer  tubes  develops  a  flaw  running  round  the  gun,  due  to 
the  coiled  tube  having  been  in  an  undue  state  of  tension.  Such  defects 
are  as  a  rule  unimportant,  and  are  easily  repaired  when  the  gun  passes 
through  the  K.G.F. 

Defective  welds  on  the  exterior  near  the  muzzle  are  sometimes 
developed  in  the  B  tube ;  these  are  of  no  practical  importance,  and  a 
gun  should  not  be  condemned  on  such  grounds  alone,  though  it  should 
bo  exchanged  when  an  opportunity  offers. 

If  it  be  found  that  a  shell  has  burst  in  the  bore,  the  exterior  will 
be  thoroughly  scraped  with  old  swords,  and  cleaned  (with  potash 
water,  if  necessary),  in  order  to  ascertain  whether  it  is  perfectly 
sound. 

It  also  occasionally  happens  with  wrought  iron  guns  that  on  firing  the 
outer  coils  shift ;  if  on  examination  the  shifting  is  found  considerable, 
the  gun  will  be  provisionally  condemned,  but  a  slight  shift,  which  is 
sometimes  perceptible  when  the  gun  is  first  used,  and  which  has  gone 
no  further  afterwards,  may  be  disregarded.  Unless  there  be  reason  to 
suspect  damage  on  the  exterior,  it  wiU  not  be  necessary  to  scrape  the 
paint  off  whenever  a  gun  is  examined.  Large  defects  on  the  exterior 
are  noted  on  the  **  Memorandum  of  Examination," 

Preservation  of  Guns. 

As  a  general  rule  all  guns  forming  the  armament  of  a  fortress  are  to 
be  cleaned  and  painted  biennially,  but  if  guns  mounted  on  the  sea  faces 
of  works  are  in  a  bad  state  from  exposure  to  the  spray  of  the  sea,  or 
those  in  casemates  from  the  damp  and  dripping,  they  are  to  be  cleaned 
and  painted  every  year,  and  oftener  if  considered  necessary  by  the 
Commanding  Officer,  Royal  Artillery. 

All  guns,  whether  B.L.  or  M.L.,  should  be  kept  in  good  preservation, 
the  exterior  being  protected  from  the  effects  of  the  atmosphere  by  a 
sufficient  coating  of  paint,  and  the  bore  by  being  lacquered,  when  not  in 
constant  use,  or  by  being  well  cleaned  and  oiled  during  practice.  The 
smaller  natm-es  of  rifled  guns  (below  20-pr.  B.L.)  are  not  pamted  how- 
ever, but  are  protected  by  browning  the  exterior,  and  keeping  the  bore 
cleaned  and  oiled. 

The  gun  is  to  be  scraped  on  the  exterior,  until  the  old  paint  and  all 
rust  which  may  appear  beneath  it  are  entirely  removed.  The  sight 
notches  and  all  marks  are  to  bo  completely  cleaned  out  and  rendered 
distmct,  and  the  gun  is  afterwards  to  be  wiped  over  with  a  piece  of  old 
canvas  or  cloth. 
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The  vents  are  to  be  cleaned  with  vent  scrapers.    The  exterior  receives    CHAP.  XII. 

two  coats  of  Pulford*8  magnetic  paint.    (For  the  necessary  tools  for         

painting  see  p.  317. 
(The  operation  of  browning  is  described  in  Appendix  II.  p.  817.) 
The  lacquer  can  be  removed  from  the  bores  in  a  few  minutes  by 
brushing  the  bore  with  hot  potash  solution  (for  proportions  of  lacquer 
see  p.  330).  The  lacquer  is  applied  to  the  bore  by  means  of  brushes 
attached  to  a  stave,  two  staves  are  used,  and  are  provided  with  spring 
sockets  (see  table  p.3 17).  One  is  used  to  lacquer  the  sides,  the  other 
the  end  of  bore.  In  the  case  of  guns  having  a  gas  escape  channel,  the 
latter  should  always  be  kept  clear,  the  outer  end  being  merely  stopped 
with  plugs  of  greased  tow,  when  the  guns  are  not  in  use.  ■ 


Preservation  of  Sights. 

When  mounted  in  exposed  positions,  all  the  sights  should  be  removed 
from  the  guns,  and  kept  in  store,  the  holes  in  the  guns  being  filled  with 
a  plug  of  greased  tow  to  keep  out  the  rain  and  dirt.  These  plugs  can 
be  readily  removed  when  it  is  required  to  fit  the  sights  to  the  guns, 
and  particular  attention  should  be  paid  to  the  prevention  of  rust  or  grit 
accumulating  in  the  sight  recesses. 

The  set  screw  for  clamping  the  centre  hind  sight  not  being  removable 
from  the  socket,  should  be  tested  to  see  that  it  works  freely. 

The  sights  themselves  should  be  kept  clean,  free  from  grit  and  oiled  ; 
the  sliding  leaf,  as  well  as  the  collars  of  the  centre,  fore,  and  trunnion 
sights  should  have  free  play. 

The  exposed  portions-of  the  sights  are  bronzed  if  made  of  gun  metal 
and  blued  if  of  steel.  This  is  done  to  preserve  them  from  corrosion, 
and  on  no  account  are  these  parts  to  be  burnished  or  cleaned  in  such  a 
manner  as  to  remove  the  bronzing  or  bluing,  more  than  it  is  of 
necessity  worn  off  by  fair  wear.  (For  mode  of  performing  these 
operations  see  Appendix  II.  p.  377). 


Preservation  of  Fittings, 

The  breech  screw  and  bright  parts  of  R.B.L.  guns  in  store,  or  Sittings  of 
mounted,  where  rarely  or  never  used,  will  be  coated  with  a  lubricant  B.B.L.  guns, 
consisting    of   equal   parts  of   powdered    chalk    and    cocoa-nut    oil. 
(Seep.  330). 

WhenKB.L.  guns  are  not  in  use,  the  following  parts  should  be 
removed  and  laid  up  in  store.  The  vent  piece  and  all  the  B.L.  fittings, 
except  the  breech-screw  itself. 

The  muzzles  of  M.L.  guns  are  stopped  with  tampions  (those  of  B.L. 
guns  left  open)  and  those  of  mortars  covered  with  wooden  caps  to  keep 
out  moisture,  while  vent  plugs  are '  used  with  mounted  guns.  Guns 
whether  mounted  or  lying  on  skidding  should  be  depressed  at  the 
muzzle  to  prevent  ram  or  moisture  lodging  inside. 

These  plates  are  removed  for  transport,  and  the  holes  in  the  guns  piates  metal 
filled  with  preserving  screws.  elerating. 

Guns  fitted  for  L.S.  have  the  friction  tube  pin  holes  and  the  guide  Proserring 
plate  hole  filled  by  preserving  screws,  and  it  is  advisable  that  these  8crew4» 
screws  should  be  occasionally  removed  and  oiled,  to  prevent  them 
becoming  fixed  by  rust 
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Tinnsport. 

In  preparing  ordnance  for  transport,  the  sights,  pivot  pieoes,  friction 
tube  pins,  sockets  for  centre  hind  sights,  and  in  fact,  any  metal  which 
would  project  beyond  the  surface  of  the  gun,  and  be  liable  to  injury 
during  transport,  should  be  removed,  and  the  holes  filled  either  with 
preserving  screws,  or  with  tow  and  taUow. 

For  land  transport  the  smaller  natures  of  guns  are  padced  in  jute 
bags,  and  for  sea  transport  in  boxes.  Guns  above  16-pr&  however, 
have  no  such  protection. 


Retaibs. 


Repairs  in  the       The  repairs  of  guns  and  fittings  may  be  divided  into : — 

I.  Bepairs  which  can  be  carried  out  in  the  field  with  the  stores 
issued  for  the  purpose,  or  such  as  can  be  improvised. 


Repairs  at 
stations. 

Repairs  in  an 
arsenal. 


II.  Such  as  can  be  carried  out  at  certain  stations  provided  with 
special  means. 

III.  Those  which  must  be  performed  in  a  large  arsenal. 


Coppering 
B.L.  guns. 


Inserting  a 
breech  bush 
copper. 


I. — Repairs  m  the  Field. 

(a.)  BJB,L,      Coppering^  ix^  replacing  or  rejxdring  breech  hish* 
copper  or  vent-piece  copper  rtng,  cts  the  case  may  he. 

m 

Detailed  inslractions  are  contained  in  the  boxes  of  implementsf  issued 
for  refacing  and  renewing  both  the  vent-piece  copper  ring,  and 
the  breech  bush  copper.  In  the  operation  of  refacing,  only  just  suflS- 
cient  copper  must  be  removed  to  render  the  angle  face  quite  smooth  and 
true. 

A  bearing  is  put  into  the  bore  in  front  of  the  bush  for  the  boring 
spindle  to  work  upon,  and  the  face  of  the  breech  bush  which  is  to  fit 
against  the  A  tube  being  red-leaded,  the  bush  is  screwed  into  the  gun 
as  a  trial,  and  on  being  unscrewed,  if  the  red  lead  shows  it  does  not 
fit  all  round,  it  is  scraped  or  filed  down  on  the  hi^h  parts.  It  is  im- 
portant that  the  face  should  fit  perfectly  tight  to  tlie  barrel,  for  if  the 
slightest  space  be  left,  the  powder  gas  would  eat  into  it.  Chi  b^g 
screwed  in  finally  it  is  sent  well  home  by  striking  the  lever  with  a 
handspike.  The  ring  is  then  upset  with  the  upsetting  block ;  it  is  next 
bored  out,  the  spindle  is  introduced  through  the  breech-screw,  there 
being  two  bearings  in  the  breech-screw,  one  in  front  and  one  behind, 
and  the  knife  is  fixed  through  the  spindle  in  the  vent  slot ;  the 
spindle  is  turned  by  a  wrendi  and  fed  to  its  work  by  means  of  the 


*  As  to  7-inch  bush,  yide  p.  125. 

t  Each  B.L.  battery,  in  addition  to  spare  articles  connected  Trith  the  breech-looding 
apparatus,  is  suppUed  -with  a  box  of  fiunng  implements,  weighing  105  lbs.,  and  eon* 
taining  25  articles  required  for  refacing  the  rent-pieces  and  bush  rings,  and  with  a 
RAt  of  special  tools  in  two  boxes,  together  weighing  83  lbs. 
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breech-screw.     After  boring,  a  different  tool  is  fitted  through  the    CHAP.  SII. 

Biusdle,  and  the  copper  is  faced  to  within  '03  of  an  inch  of  the  face  of         

the  A  tube,  the  cone  part  b^g  left  *15  broad. 

ScEEWnia  IK  Bbkboh  Bush  Copfeb. 
(Diagnvm  No.  1.) 


METrrKa-trP  UBEECE  UUflH  COPFEB. 
(Disgram  No.  2.) 
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BoKiKs  um  Faciso  Bbebce  Bube  Coptbb. 
(Diagnm  No.  8.) 


Anau-SACma  Bbiide  Bfbe  Copfkb. 
(Dbgmn  No.  4.) 
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The  veat-piece  copper  ring  can  be  repeatedly  rpfoced  until  the  angle    CHAP.  XTC. 
face  and  the  back  edges  meet.    After  this  it  can  be  removed  by  strikmg         '\ — 
it  a  few  smart  blows  with  a  hammer  on  the  cone  face,  when  it  is  so  ^™pe 
expanded  that  it  flies  off.      The  new  one  is  put  on  by  hand,  and  the  '°°  P^-"- 
vent-piece  having  been  placed  in  the  gim  front  to  the  rear,  the  ring 
is  forced  on  by  screwing  up  the  breech-screw.    It  is  well  to  place  one 
of  the  guide  blocks  in  the  face  of  the  breech-screw  to  prevent  its 
injuring  the  copper.^ 

The  operation  of  refacing  ia  shown  in  the  diagram  below  {  the  facing 
tool  forming  a  conical  face  exactly  fitting  into  the  hoUow  made  in 
breech  brush. 


AiTGLi  Ticixa  Tm-Fiaci  Itina.    (Diagram  No.  fi.) 


(b.)  St-venling  a  Vent-piece. 

In  boring  oat  the  hold  bush  a  bearing  can  be  obtained  for  the  drill  T(,  re-vwit 
b;^  lashing  a  baudspike  across  the  wheels  and  performing  the  operation  B.B.t,.  in  the 
wth  the  vent-pice  placed  in  the  gun.    Care  must  be  taken  to  drill  field, 
right  down  to  the  bottom  of  the  copper  before  removing  the  screwed 
piece  at  the  top,  otherwise  some  difficulty  will  be  found  in  removing 
the  lower  piece  for  pieces).    The  bush  is  to  be  renewed  from  the  spare 
ones  issued  for  the  purpose  io  the  manner  described  at  page  126. 
(CO.)  X 
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(c.)  AdjutHtts^  N€w  Trmmnum  SighU. 

AdjuAtingiMw      Fore  sights,  whether  on  the  tnmnion  ring  or  elsewhere,  axe  liable  to 
trunnion  ^^  damaged  on  service,  aad  as  the  spare  sights  are  issued  with  rough 

Bights.  leaves,  some  simple  mode  of  adjusting  a  new  fore  si^t  should  be 

known. 


Bequisite 
materialfl. 


Operation. 


JU'^jtuting  Trunnion  Sights  ofB.L,  Fidd  Ovns  on  Service  without 

th§  aid  of  Sighting  Instruments,   * 

As  sighting  instruments  are  uo  longer  issued  to  batteries  and  only 
to  some  stations,  it  may  be  found  necessary  to  adjust  damaged  trunmou 
sights  on  service  without  them,  this  may  be  done  in  the  following 
manner,  viz.,  by  making  wooden  copies  of  the  proper  instruments. 

The  requisite  materials  are : — 

Two  blocks  or  discs  of  wood  to  fit  into  breech  and  muzzle* 

Two  rectangular  pieces  of  wood  long  enough  to  project  beyond  the 
tangent  sights  on  eacKside,  and  of  such  width  that  the  upper  edge  shall 
be  level  with  the  top  of  the  right  tangent  sight,  when  the  lower  edge 
coincides  with  the  line  of  horizontal  axis  marked  on  the  breech  and 
muzzle. 

Four  screws  to  fasten  these  pieces  together. 

Two  silk  or  fine  thread  lines. 

The  object  of  the  following  operation  is  to  obtain  a  line  on  each  side 
of  the  gun  through  the  tangent  sight  notch  parallel  to  the  axis  of  the 
bore. 

(1,)  Remove  the  breech-screw  and  fasten  the  breech  and  muzzle  discs 
in  the  gun  securely  by  wedges. 

(2.)  Fasten  the  two  rectangular  pieces  together  and  plane  their  lower 
edges  a  h  (see  Fig.  )  level,  treating  them  as  one  piece.  Then  square 
up  a  line  c  d  sA,  the  centre  of  each  at  right  angles  to  a  &,  and  cut  away 
the  wood  on  one  side  of  c,  in  order  that  c  d  may  be  brought  against  the 
vertical  liae  on  the  face  of  the  breech  or  muzzle. 


Fob  12-pb.,  Bbbbce-sobhw  Qtxnx. 
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(3.)  Now  bring  a  h  against  the  horizontal  line,  and  c  d  to  the  vertical 
line  marked  on  the  breech,  and  fasten  the  boards  by  two  screws  to  the 
disc  in  the  breech  of  the  gun. 

4.)  Out  away  the  top  until  it  is  level  with  the  bottom  of  the  notch 
of  (the  tangent  sight  on  each  side ;  the  left  side  e  g  will  require  to  be 
cut  away  more  than  the  right 
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(5.)  Then  with  a  rule  brought  by  eye  parallel  to  the  axis  of  the  gun,    CHAP.  XH. 

mark  lines  a  8  on  the  top  of  the  boards  opposite  the  tangent  sight         

notches  on  each  side ;  this  can  be  done  snfficientiy  accurately  by  eye, 
as  any  error  is  corrected  in  the  after  operations. 

(6.)  Remove  the  boards  from  the  gun  and  separate  them,  fastening 
one  at  the  breech  and  the  other  at  the  muzzle,  taking  care  to  adjust 
them  to  the  horizontal  and  vertical  lines  on  the  gun. 

(7.)  Stretch  silk  lines  on  each  side  of  the  gun  from  the  marks  s  s 
on  the  breech  and  muzzle  board ;  they  shoiild  pass  exactly  through 
the  bottom  of  the  notch  of  the  tangent  sights.  If  they  do  not  they 
must  be  moved  to  the  right  or  left  until  they  do,  but  care  must  be 
taken  always  to  move  the  line  the  ^mae  amowA  both  at  breech  and  muzzle^ 
so  as  to  keep  it  parallel  to  its  origriMil  posiidon.  These  lines  are  parallel 
to  the  axis  of  the  gun. 

(8.)  The  leaf  is  filed  down  io  the  right  "height,  i.e.,  the  level  of  the  Adjuating 
silk  Ime.    In  doing  this  it  is  usual  to  raise  the  silk  both  at  breech  and  new  trunnion 
muzzle  by  the  thickness  of  a  piece  of  paper,  when  it  should  just  clear  sights, 
the  leaf,  and  when  the  paper  is  removed  it  should  touch  the  same. 

(9.)  The  position  for  the  apex  on  the  trunnion  sight  is  then  ascer- 
tained by  the  length  of  radius  for  -oach  nature  of  gun  (see  table), 
measured  from  the  notch  on  the  tangent  sight.  The  apex  is  not  in  the 
axis  line  of  the  sight,  except  in  6-jH:s..and  9-prs. 


In  12-prs.  it  Is  0^D5  to  the  rear. 

„  20  prs.  ^ 
„40.prs,  V    0"-X 

„    7-inch  J 


(10.)  Bemove  the  sight  from  fte  gon,  place  it  in  a  vice,  and  file  down 
the  front  and  bac^  slopes.  The  Biopes  should  be  sufficient  to  form  a 
point  when  the  gun  is  at  its  highest  elevation. 

(11.)  Beplace  the  sight  in  the  gun  and  file  down  the  lateral  slopes, 
so  that  a  true  edge  is  oiytained  imder  the  silk  line,  care  being  taken  that 
the  top  of  the  leaf  is  not  made  too  sharp,  as  it  would  be  liable  to  injury. 
In  the  case  of  a  screw  trunnion  sight,  a  curved  line  is  marked  by  a 
scriber,  to  show  the  position  of  the  metal  surface  of  the  trunnion  when 
the  sight  is  screwed  home. 

(I2!)  The  trunidon  sight  is  again  removed  and  the  back  slope  is 
roughed,  so  that  in  laying  a  gun  there  may  not  be  too  bright  a  reflection 
presented  to  the  eye. 


screw. 


{d.)  EM*L. — Beplactng  a  broken  Clampmg  ScrtWy  d-pr.  LJS. 

The  mill-headed  screw  employed  to  damp  the  tangent  sight  of  the  Beplacing 
d-pr.  IUd.Ib  guns,  Mark  I.  and  II.,  L.S.,  is  oooasiopally  broken  off  near  broken 
the  head,  and  can  be  replaced  as  f oUows : —  clamping 

Bemove  the  screw  (A)  which  seeuies  the  steel  projecting  patch  (B), 
drive  out  the  latter  in  tne  direction  of  the  breech  by  means  of  a  copper  set. 

With  a  piece  of  hard  wood  applied  through  the  hold  bored  in  the  gon 
for  the  reception  of  the  sight,  drive  out  the  gun  metal  sight  socket. 

Take  out  the  broken  clamping  screw  through  the  hole  in  the  back  of 
the  socket,  replace  it  by  a  new  one,  and  put  the  socket  back  into  its 
place,  securing  it  there  by  reversing  the  foregoing  operations. 
(CO.)  X  3 


CHAP.  XII. 


312  EXAMINATION,  PRESERVATION,  REPAIRS. 


9-PB.  Wboitght  Ieok  R.M.L.  Ginr  op  8  cwr. 

Piagram  illustratisg  the  replacing  of  a  broken  damping  Screw. 

IfuUScale. 


Adj  luting 
B.M.L.  fore- 
sightB  on 
•errice. 


(tf.)  Adjusting  New  Foresight 

7-pr.  or  9-pr. — Spare  fore  sights  are  issued  rough,  in  case  the 
sight  in  the  gun  should  get  broken,  and  a  wrench  is  supplied  for 
removing  and  replacing  it.  To  fit  the  new  one  it  will  be  necessary  to 
level  the  gun  longitudinally  along  the  bore,  and  to  screw  the  rough 
sight  home  into  the  dispart  patch,  bringing  its  leaf  parallel  to  the  axis. 
Then  file  the  top  down  until  it  is  level  with  the  bottom  of  the  notch  on 
the  tangent  sight.  This  can  be  done  by  placing  a  piece  of  metal  the 
thickness  of  the  depth  of  notch  on  the  top  of  the  fore  sight.  Measure 
the  radius  also  from  the  back  of  the  tangent  sight,  and  file  the  back 
and  front  slopes.  With  a  rule  or  straight-edge  mark  the  centre  line 
on  the  top  of  the  leaf  opposite  the  line  of  vertical  axis  engraved  on  the 
dispart  patch  and  muzzle  of  the  gun,  and  file  up  the  front  side  slopes  to 
this  line.    Remove  the  sight  from  the  gun,  rough  the  back  slope,  clean 


( 
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and  blue  it  (as  described  at  p.  377),  and  replace  it  in  the  gxin  in  the  same    CHAP.  XII. 
position.  i^V" 

16-pr. — To  adjust  a  new  screw  trunnion  sight  for  a  16-pr.  KM.L.  crun,  -^-^J^^^^S  * 
proceed  as  folUe:-  S^t^rS"" 

Screw  in  the  new  sight  with  rough  leaf,  then  place  the  gun  upon  ^^'        '^' 
level  ground  and  lay  with  an  unoamaged  sight  upon  some  cUstant 
object  (not  less  than  2,000  yards  away),  the  tangent  sight  being 
at  zero.    File  down  the  top  of  the  leaf  of  the  new  sight  untU  it  is  in  a 
line  with  the  bottom  of  the  notch  of  its  tangent  sight  and  the  object. 

Mark  the  length  of  the  radius  from  the  back  of  the  tangent  sight, 
mark  the  muzzle  direction  on  the  sight  leaf,  then  remove  the  sight 
and  file  up  the  front  and  back  slopes. 

Replace  the  sight  and  file  down  the  side  slopes  until  the  gun  is 
accurately  laid  on  the  same  object  by  both  sights. 

Rough  the  back  slope,  polisn  and  blue  the  sight,  and  so  complete  it. 

N.B. — There  is  a  slight  error  in  this  method,  for  the  line  of  sight 
will  cross  at  the  cUstance  of  the  point  upon  which  the  gun  was  laid. 

The  following  is  another  method  which  may  be  adopted,  but  which 
is  less  accurate  than  the  foregoing  in  some  points  and  requires  more 
time  and  material. 

It  is  less  accurate  in  some  cases  because  the  sights  are  not 
interchangeable  in  reaUty  (as  mentioned  at  p.  189),  and  they  are  here 
treated  as  though  they  were. 

1.  Place  a  block  of  wood  in  the  muzzle  of  the  gun,  and  on  its 
face  pivot  a  piece  of  wood,  having  an  oblong  slit  cut  in  it  through 
which  a  screw  passes,  forming  the  pivot,  and  also  serving  to  tighten 
it  against  the  disc  in  the  bore. 

2.  Stretch  a  silk  line  from  the  bottom  of  the  tangent  sight  notch 
across  the  top  of  the  undamaged  trunnion  sight,  and  attach  it  to 
the  piece  of  wood  pivoted  on  the  muzzle  disc,  which  must  then  be 
screwed  up  tightly.  The  silk  line  will  give  us  a  line  parallel  to  the 
axis  of  the  piece,  and  passing  just  over  the  centre  of  tne  leaf  of  the 
fore  sight. 

3.  I^move  undamaged  sight,  and  in  its  place  screw  that  which  is 
to  be  adjusted  (with  a  rough  leaf),  file  its  leaf  down  until  level  with 
the  silk  line,  mark  the  apex  by  measuring  the  length  of  radius,  also 
muzzle  direction  of  leaf,  remove  the  sight  and  file  down  the  front  and 
back  slopes,  then  replace  it*  in  the  gun  and  file  the  side  slopes,  using 
the  silk  line  as  a  guide. 

4.  Take  out  the  sight  so  adjusted,  and  screw  it  into  the  hole  on 
the  other  side  of  the  gun,  replacing  it  by  the  one  originally  removed. 

(6.)  Venting  Tools. 

There  are  two  lists  of  these  tools,  vide  pp.  322,  326. 

One  Ust  embraces  those  required  for  converted  guns  and  all  heavier 
pieces  than  64-prs. 

The  other  list  contams  the  required  for  64-pr.  BMlu  mi  smaller 
guns  and  Howitzers. 

For  siege  train  chests  containing  the  proper  tools  for  venting  are 
supplied  for  every  30  pieces  of  ordiiance.* 


•  These  are  ouxied  b  ihxee  bozei,  ow  of  whibb  eontMiif  fpare  Tenti. 
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II. — ^Repaibs  which  oan  be  pebforued  only  at  certain  Staxiohb 

OB  ODS  BOABD  CBKTAIN  ShSPS. 


(1.)  Adjusting  MiUar^s  sights  of  a  S^  Oun,* 

Adjusting  ^i.^  ^he  goii  haviBg  been  carefully  levelled   laterally  across  the 

sighu,  S.B.       truDnionB,  and  loBgitiidiiiaUy  ib  the  bore,  the  fore  and  huid  sights  are 
^^'  to  be  adjusted  so  as  to  fulfil  the  following  oonditions : — 

1st.  They  are  to  be  the  exact  cfetaQce  apart  according  to  the  short 
radius  given  in  No.  III.  Table,  p.  65. 

2nd.  When  the  scale  is  at  ssero,  the  line  joining  the  top  of  hind 
and  the  top  of  foresight  must  be  parallel  to  the  axis. 

3rd.  When  the  scale  is  raised  to  the  full  elevation  marked  on  it, — 
that  is,  the  ''  clearance  angle," — the  top  of  the  scale,  the  apex  of  the 
fore  si^ht,  and  the  highest  point  on  l£ie  muzzle  of  the  gun,  must  be 
in  the  same  line. 

4th.  The  line  of  sight  must  be  made  to  coincide  exactly  with  the 
vertical  plane  as  the  line  of  metal. 

An  old  fore  sight  is  jdaced  loosely  on  the  gun  over  the  second 
reinforce  ring.  This  sad  the  hind  sight  are  adjusted  by  hand  in  the 
first  place  until  the  conditions  are  fulfilled. 

The  angular  level  is  used  to  bring  the  scale  to  the  an^e  of  76^.  The 
position  of  the  hind  sight  screw  holes  are  then  marked  with  a  seriber 
on  the  gun  through  the  holes  previously  drilled  and  punched  through 
sight  block  and  lead  packing. 

The  holes  are  drilled  by  aid  of  the  instrument  called  <<  machine 
drilling  hind  sight,"  and  care  must  be  taken  to  drill  the  holes  perpendi^ 
cular  to  the  face  of  the  sighting  block,  so  that  the  heads  of  the  screws 
may  rest  fairly  on  it ;  the  holes  are  then  tapped. 

The  hind  sight  being  fixed,  the  scale  is  raised  to  a  little  more  than 
the  clearance  angle,  and  a  silk  cord  stretched  from  the  notch  on  it  to  that 
on  the  muzzle.  The  real  foresight  is  now  adjusted  so  as  to  bring  its 
top  under  the  silk  cord  at  the  proper  distance  from  the  tangent  sight. 

The  position  of  the  fore  sight  screw  holes  being  marked,  they  are 
drilled  and  tapped,  and  the  sight  screwed  on.  The  head  of  the  sight  is 
then  filed  down  to  the  proper  height,  and  the  position  of  the  ridge  being 
marked,  it  is  unscrewed,  and  the  side  slopes  filed  down.  When  again 
screwed  on,  the  sighting  is  tested  to  ascertain  whether  the  whole  of  the 
conditions  are  fulfilled. 

The  sights  and  lead  packmg  are  then  marked  with  the  number  of  the 
gun  to  wich  they  have  been  fitted,  and  the  screws  are  also  marked  for 
their  particular  holes. 

When  guns  are  mounted,  the  sight  screw  holes  are  filled  with  preser- 
ving screws,  but  these  are  to  be  removed  when  the  guns  are  shifted,  as 
the  screw  heads  are  liable  to  be  broken  off ;  the  holes  are  then  filled 
with  tallow  and  white  lead  composition. 

(2.)  Be^viniing  SLB.  cmd  EMJL.  Guns. 

S.B.  ottTnance.      (a.)  The  operation  for  S.B.  can  be  carried  on,  wherever  the  set  of 

tools  at  p.  322  exist,  and  is  performed  by  R.G.F.  Artificers  at  home,  and 

by  Armstrong  Armonrera  abroad.  Vide  Appendix,  p.  372,  for  Regulations. 

\TeAYjTlU.L.      (^•)  ^^  *^®  ^^^^  ^^  heavy  RMX.  guns  the  necessary  tools  are  only 

:  :itf.  *  supplied  to  the  following  stations,  Woolwich,  Malta,  Gibraltar,  Ber- 


•  The  necessttry  implements  for  the  perfonnanee  of  this  adjiutment  axe  fdren  in 
table,  p.  810.  ^ 
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mnda,  Devonport,*  Hon^-Kong,  and  Esqoimault,  and  also,  to  some  CHAP.  XH. 
men-of  war  where    qualified  engineers  are  present  who  have  been         ""*" 
especiallj  instructed  for  the  purpose. 

(c.)  Special  tools,  p.  286,  being  required  for  reventing  converted  guns,  Special  tooli 

this  service  can  only  be  carried  out  at  certain  stations.  ^^^  oonrerted 

(a  &  b.)  With  regard  to  re-bushing  a  S.B.  or  R.M.L.  gun  proceed  as  ^^* 
follows : — 

^  Re-venting  with  Cone  Vent. 

Proceed  as  if  venting  a  gun  for  the  first  time,  p.  60,  using  the  Be-renting 
narrow  drill  (B) ;  whea  the  hole  is  some  four  or  five  inches  deep,  turn  ^^^  ^^^ 
up  the  gun  and  moke  the  hole  square  wiih  the  graver's  chisel ;  hammer  ^®^^' 
into  it  onfi  of  the  shortest  of  the  sq|iiare  drifts,  and  try  to  unscrew  the 
old  bush  with  a  wrench.    Sometimes  the  whole  of  the  copper  vent  vvill 
come  out,  but  if  the  copper  has  been  much  set  up  in  firmg  it  will  be 
much  tighter  and  probabhr  break;  tha  drilling  must  then  be  repeated 
until  the  whole  is  removed* 

When  the  old  copper  vent  is  taken  away,  ascertain,  either  by 
measuring  it  or  taking  an  impression  of  tha  thread  in  the  gun,  whether 
it  is  a  six  or  seven  thread  pitch ;  then  use  the  corresponding  set  of 
taps  G<mimencing  with  the  lowest  number  to  clear  l^e  thread.  If  the 
wrong  set  of  taps  be  used  the  damage*  will  be  irreparable. 

The  hole  in  the  gun  is  next  cleaned  with  tow,  and  the  copper  vent, 
well  oUedr  is  screwea  in.  with  as  much  power  as  three  men  can  bring  to 
bear  upon  it.  The  head  should  not  be  wrenched  off^  as  a  fracture 
might  occur  below  the  surface  of  the  metal  of  the  gun. 

The  new  bush  when  properly  fiixed  will  project  about  a  quarter  of  an 
inch  into  the  bore,  and  about  two  inchea  above  the  surface  of  the  gun. 

Take  an  impression  of  the  part  in  the  bore  with  wax  composed  of 

Bees-wax..         ••         ••     ^partsl 

Soft  soap..         »..        ••     1      »,    >  Boiled  together. 

Treade    «.•         •»        •»     1      ,»    J 

This  win  show  whether  the  cone  icr  well  home,  and  that  that  there  Is 
no  space  left  between  the  copper  and  iron. 

If  the  bush  is  home  proceed  to  cut  ofi!  the  end  m  the  bore.  The 
instrument  consists  of  a  cutting  tool  supported  by  a  metal  head  at  the 
end  of  a  long  bar ;  the  bar  is  kept  in  the  axis  of  the  bore  by  passing 
through  a  collar  fitting  into  the  muzzle,  it  is  worked  from  side  to  side 
by  two  levers  being  fed  up  by  a  small  serew  at  the  end  of  the  frame ; 
the  spiral  spring  against  the  muzsde  collar  makes  the  knife  work 
regularly.  Care  must  be  taken  not  to  cut  into  the  iron  of  the  gun.  It 
is  probable  that  the  end  of  the  bush  will  not  be  cut  off  quite  flush  at 
first,  so  another  impression  is  taken,  and,  if  necessary,  the  knife  must 
be  fed  out  with  a  small  piece  of  tin,  and  the  process  repeated 
'i  It  is  necessary  that  the  copper  and  iron  in  the  bore  should  be  per- 

fectly flush  with  each  other,  the  action  of  the  powder  being  much 
greater  on  anything  projecting,  however  slightly,  into  the  bore. 

Saw  off  the  outside  end  of  the  vent  to  within  about  a  quarter  of  an 
inch  of  the  patch ;  chip  a  little  copper  away  from  the  mouth  of  the 
vent  to  prevent  it  becoming  choked  when  hammered,  chisel  it  also  at 
the  edges,  then  hammer  it  well,  next  chisel  it  off  flush  and  open  the 
mouth  of  the  vent,  and  pass  the  set  of  rimers  down  one  after  the  other, 
and  gauge.  File  the  surface,  take  another  wax  impression  of  the 
inside,  and  if  aU  is  right  the  operation  is  finished 


*  To  other  stations  at  home,  qiuilified  artificen  with  the  necessary  tools  are  seat 
from  time  to  time. 
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Re-Tenting 
ifilh  through 
Tent. 


Re-Tcnting 

c'onTerteil 

gims. 


Re-bii^liing 
7"  R.B.L. 
guns. 


Adjusting 
sights  and 
eight  sockets. 


Importont 
repairs. 


Rc-tubiiig. 


Be^veTiting  with  Through  Vents, 

This  is  precisely  the  same  operatioD.  as  venting  with  cone  vents, 
except  that  the  thread  is  carried  right  through  to  the  bore.  The 
chief  precaution  to  be  taken  in  venting  with  a  through  vent  is  not  to 
make  the  hole  too  wide  at  the  bottom,  and  not  to  break  away  the  last 
thread 

Re^venting  Converted  Crura, 

Regarding  (c.)  for  converted  guns*  proceed  as  above  as  to  removing 
old  bush. 

A  hole  being  drilled  through  the  old  bush,  and  then  enlarged  for  a 
depth  of  about  2  inches,  the  comers  are  squared,  a  drift  driven  in,  and 
the  vent  screwed  out,  it  will  eventually  break  away  from  the  portion 
"  set  up ''  from  the  interior  of  the  chamber,  which  can  be  driven  down 
into  the  bore,  and  so  taken  out. 

The  thread  having  been  cleaned  out,  the  new  bush  is  screwed  in,  set 
up  and  completed  as  described  in  the  case  of  first  venting  such  a  gun, 
vide  p.  236. 

In  case,  however,  of  re-venting  one  of  the  guns  mentioned  in  note, 
p.  236,  which  were  originally  vented  with  cone  vents  of  exceptional 
diameter  and  thread,  the  old  bush  is  removed  as  usual,  but  when  that 
operation  is  completed  the  gim  must  be  prepared  for  a  new  bush  as 
follows : — 

Drill  out  the  hole  to  proper  size  for  through  bush  of  service  pattern 
and  tap  the  thread  for  the  same  as  usual. 

Then  cut  out  the  last  thread  of  female  thread  in  the  cup  by  means  of 
a  "  rose  cutter ,''  take  an  impression  to  see  if  this  is  properly  removed, 
and  then  re-vent  as  already  described. 

(3.)  Re-huahing  1-inch  R.B,JO. 

As  the  re-bushing  of  7-inch  R.BJj.  guns  is  a  more  difficult  opera- 
tion than  that  of  copper  bushing  the  smaller  natures,  it  would  be 
performed  only  where  the  necessary ,  tools  are  provided,  which  is  at 
all  large  stations  and  sub-arsenals  at  home  and  abroad. 

The  set  of  facing  implements  is  given  at  p.  821.  The  tools  are  of 
course  much  stronger  than  those  in  the  smaller  set. 

(4.)  Adjustment  of  Sights, 

Sights,  sight  sockets,  &;c.  can  also  be  adjusted  and  repaired  at  most 
of  our  large  stations  wherever  there  is  a  fire-master,  as  well  at  some 
others. 

III. — BePAIBB  to  be  PERFORMED  m  AN  ArSENAL. 

All  important  repairs,  such  as  re-tubing,  re-sighting,  &c.,  must  be 
performed  at  Woolwich  Arsenal. 

To  re-tube  a  built  up  R.M.L.  gun,  the  usual  practice  is  to  cut  the 
chase  through  in  front  of  the  trunnion  coil  or  1  B  coil  in  heavy  guns ; 
to  bore  out  the  steel  tube  in  breech  portion,  and  to  use  the  latter  as  a 
jacket  for  a  new  gun  which  would  be  otherwise  built  up  as  usuaL 

A  converted  gun  can  be  prepared  for  re-tubing  by  removing  the  cast 
iron  collar  and  screw  plug,  stopping  up  the  vent  after  removing  the 
bush,  and  then  forcing  out  the  tube  by  hydraulic  pressure,  the  gas 
escape  hole  being  enlarged  for  that  purpose  to  admit  the  nozzle  of  the 
tube  through  which  the  water  is  forced. 


*  For  tools  required,  ride  table,  p.  822. 
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TABLE  XXVIIL 

List  of  Tools  required  for  the  Cleaning  and  Examination  Painting 
and  Lacquabing  of  the  varioas  Natures  of  Cast  Ibon  and 

Bkonze  Obdnance. 


Calibre. 

1 

1 

a 

1 

a 

a 
a 

a 
1 

a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 

a 

a 
a 
a 
a 
a 
a 
a 

1 

1 

1 

1 

1-^ 

f 

1 

• 

^ 

Bit,  rent, 
Brace,  an 

Brushes  • 

Drill,  Ten 

Gauges,  t 

Instrumei 

complei 

KniTes, 
ordnam 

Lamp,  tin 
Pot,  for  sc 
Prickers, 
cor 
Bimer,  tc 
Scale,  diai 

Scrapers- 

Searchers, 

Springs  fc 

Swords,  ol 
Tongs  for 
Tool  for  g 
Wire,  lace 
Wrench  fi 
Sockets, 
withsti 

12-ln.    ... 
mourer's 

'liard, 
round' 

Paint  < 

Softer  ' 
Turk's 
.  head    ^ 
t,  15-in. 
ent,  set  of 
at,  taking 
«  with  bloc 

cleaning, 
ie,  pairs    ' 

1,  with  rod 
rfteninggu 
with  starei 
amon 
nt,  16-in. 
gonal,  bnu 

'  balloon 

fore-right 
halfroun^ 

^rent    ...  • 
.spring    • 

trknlTes  • 

Id 

grinding  1 
rinding  sea 
[uering  yei 
9r  knives 
spring 
iTe8§  ... 

•  »•              •••              •••              **■ 

•«•               •••              •••              ••• 

lir-illa           •••              *••              ••• 

68-pr.  and  8-inch 

uO  ,|           ...           ...           ... 

4^  ,,          ...           ...           ... 

3^  fi         ...         ••«         ... 
*4  ,,         •••         ...         ... 

18  ,,         ■«.         ...         «•• 

\m    II                ..«                 ...                 ... 

"     ,,                ...                 ...                 •*. 

ta  0  ,,        ..»        «.•        ... 

'ground 

.  unground 

^  large      •»■       ...       ... 

...       ...       ...       «•• 

4,  short   ...       ... 

impressions  of  Tents') 
iks  and  pans       ...        > 

Iv-Ul.        ••«           ...          ... 

e8-pr.  and  8-inch 

vO  fi          ...           ..•           ■•• 
\*t  ,1          ..•           •••           .•* 
SZ  ,,          ..•          .*•          .*• 
»A  n          •«•          •>•          ••• 
lo  ,,         ...          •.«          ... 

\m   ,,             •*•             •*•             ... 
If    ,,             ...              ...              ... 

D  tt           •••            ***           *** 
^   W    ,1             ...             ..■              ..< 

...            ...            ...            ... 

ttappercha         

1,/ with  pan       

(without  pan 

.«•       ..•       ...       .•• 

8      ...           ...           ...           •.. 

large      .»•       ••*       ... 
medium ...        ..»       ••, 

...       *••       •.*       ... 

L       ...            ...            ...            ... 

half-round        

.spring    ...       ...        ... 

'8-prong 

V      ly            ••«             •••             ••■ 

^10-ln.t  8-in.tand66-pr. 

42and32-pr « 

**  ,,    1"  tt      •••       ••• 

lA      ,1         V    ,1          ...              ... 

v-pr.     ...       •••       •.. 

^  #  ii       •••       ••*       ... 

...       .«•       ...       ... 

3UTeS        ...        ..•        ... 

urcher  points 

LIS    •••               ste               •••               •«• 
■•a              •■•              •«•              ••• 

'No.  1  for  end  of  bore ... 
LNo.  2       „       t, 
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a 

a  Common  to  these. 

t  There  is  no  hard  brush  for  the  S-pr.,  fhe  small  Turk's  head  is  nsed  instead ;  and  the  instrument 
for  taking  impressions  is  too  large  for  use  with  this  gun,  the  pricker  with  pan,  or  a  piece  of  wood  being 
used :  the  smallest  spring  searcher  is  also  to  large,  the  common  pricker  taking  its  place. 

1  Only  required  for  shell  guns,  howitzers,  and  mortars,  haying  gomer  diambers. 

Aoto.— 18-fnch  mortars  are  cleaned  with  the  same  artidei  as  10-inch,  except  that  the  bore  is  senped 
with  old  swords,  instead  of  with  the  spring  knlTSf . 

§  Bequired  onlj  for  painting  or  lacqnanng. 
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CHAP.  IIL 


2 

53 

a 

OQ 

§ 


1 

a 

• 

1 

<si  i  1 1 !  1 1 1 1    II    1 1 1 1  n  1  It  II 1  1 1    1  1 

• 

s 

«i  1 1 1 1 1 1 1 1    II    1 1 1 1  «i  1 1 II 11 i  1 1    11 

• 

» 1 1 1 1 1 II II    11    1 1 1 1 «i 1 1 1 1 1 1 1  1 1    11 

• 

1 

<*i  1 1 1 11 II 1    II    1 1 1 1 1 1 1 1 1  n  1 1  i  1    1  1 

»: 

1 

e|  1  1  1  i  1  1  M      II      1  el  1  t  1  1  1  1  M  1  1     1  1      11' 

i 

tt|  1  1  1  i  1  1  II       <s    1  1  1  I  1  1  M  1  M  1  1    II     i    1 

• 

^ 

»• 

ll«i|llliM     II     llll«IIItl«llll     11 

1 

ll^lllllil     II     lltl«llMI«llll     II 

• 

1  1  «l  1  1  II  1  1     II     1  1  l-'l  M  t  1  1  «M    11     II 

• 

1 

ll«lllllll     II     ll<3lllllll«IMI     II 

• 

1  i  e  1  1  1  1  i  M     11     1  «  1  1  1  1  1  1  1  I  «  I  1    II     1    i 

1  1  e  1  t  1  1  1  1  1     II    ^  1  1  i  1  1  M  1  1  e  1  I    II     1    I 

l«»l  1  1  i  1  1  1  1     1  «     1  1  1  1  II  11  1  «I  II    II     1    1 

f  «  1  1  1  1  1  1  1  I    ^  1     1  1  1  M  1  1  1  I  «  M  1    1  i     r    1 

• 

1 

1  «t  1 1 1 1 1 1-"   II    r  1 1 1 1 1 1 1 1  «i  1 1  r  1    1  I 

1 

9-« 

I«l  1  U  1  l-^t     11     1  1  1  1  1  1  1  1  l«l  1  1    II     I    1 

• 

a 

^^ 
•-< 

l«l  M  M'^l  1     II     1  1  1  1  I  1  1  1  l«l  1  I    1  I     II 

1 

I«si  t  M^l  1  1     11     1  I  1  1  1  1  1  1  l«i  1  i    1  1     If 

ui  1 1^1 1 1 1    II    r  1 1  M  1 1 1  r^i  1 1  1 1    11 

1 

i«i  1-^1 1  M  t    1  r    1 1 1 1  M  r  1  1  «r  M  1 1    i  i 

1- 

t  :  :m  ::::::  ^  £  :"§,«::::::  :^  :  :           :  :  j,  :  ^ 
>  :  :  5  :  :  s  :  :  rg  I  jp.g  :  :  i^  :82  i  :  rfc>5  •'8     «     - 

lis  ti'^--  -'U  ^'ii  4  J- Jl  :llllFsF? 

g 


/ 

I 


EXAHDUnOir,  FSKSEKVAIIOIf,  BW»iTBn, 


1 

\t%                       II 

't 

1 1 1 1 1 1  1 1  1 1 1  1  1 .1 

i 

1     1     II 'Mill        1        1     M 

1 

' 1     1     11°     III     1     1        1        I.I 

t 

1  II  1  1  1     1  1     1     1' •    1 .1 

1 

1     1  1     1     II  1     1     1     1  1.    Ml     1     1        1        1     .1 

s 

1  1  )  1  1  1     1"     1     1  1  1     1     I     1  lo    1  1  1     1     1        1        1     ., 

f 

i 

1 1 1 1 1 1   1 1   1    1 1< nil     1     III 

S: 

1 1 1 1 1 1    1 1   1   II.  1  1   1 1.  1 11   1    1     I     ,1, 

I 

s 

1 

Mill .1     1     1     1  1.    1  II     1    1       1       III 

1 

1 II II 1  1 1  1  I.I  1   1   1 1.  1 II  1   1     1    III 

I 

IIINI     II     1     III     1     1     lU    III    1     1       1       III 

<r 

ik4 

1 -1  1     1     1     1  1'    1  1  1 1 

^^&i 
4'JI 

1  1  1  1  1  1     1  1    -    1  II     1     1     1       1       III 

4 

1 1 n 1 1   i-  1   1 1 1  1   1   1 1.  Ill   1   1     1     III 

^4 

1 1 1 1 1 1  -1    1   1 1 1    1    1   I.     II 1   1    1     1     III 

i 

-    1  1     1     1  M     1     1     1. 1       III 

I 

1 1 ll-l  1 1  1  1 II   1  1   1. 1  1 II  1  1    I    III 

J 

1 1 l"l i   1 1    I   1 1 1   1   1    l.l   1 1 1   1   1     1     III 

i 

M- 1     1  II     1     1     1. 1.    1  II.    1     1       1       III 

I 

i-i  1 II    1 1    1    1 II    1    r  i.r  1 ir 

1 

- 1    1 1 1    1    1    r.i    1 II 

.™'a£=rc;™  tW  1  f\'  -E'S- J! 
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CHAP,  xir. 


TABLE  XXX. 


Set  of  Sighting  Tools  for  Smooth  Bore  Obdkance. 


Artidee. 


BattenB,  wood 


Braces 


{inside  .«         • 
outnda  « 


armoixren       « 
drilling,  hand . 


CtatB,  wood|  spirit  krel 
Chisels 


•  • 


/  hand,  flat 
••  igrarer^s 


small 


r  large 

{ 


large 
small 


fmediam 
\  small 


«v  .»!  r  carronade  fixing  screws 

'       •  *         "         **  \ gun  fixing  screws 


Hammers,  hand,  small      .  • 


spirit    • . 

LcToIs  . .         . .         • .  •{  steel  for  hatten« 

wood  for  tnm 
nions 


Machine,  drilling,  with  chains  complete  • 
Plummets 


Punches,  steel* 
Scribers  • 


T-square,  steeL 
Taps    . . 
y-set   ,• 
Wrenches       • 


{brass 
lead 


{centre  . 
lead     . 


wiUibar 


/angular 
Iwit 

{ 


large    .. 
small    •• 


r  fore  si|^t 
\hind  sight 


/  caxTonade  fixing  screws 
\  gun  fixing  screws       • 


/socket  .. 
•ttop       .. 


«• 


No.  to 
a  feet. 


2 
6 

8 
8 


1 

1 
1 
1 
1 

1 
1 

1 

1 
1 

6 


8 
8 


1 
1 


Bemarks. 


3  sizes. 
Do. 


8  sixes. 
Do. 


EXAMINATION,  FBBSERYATION,  REPAIRS. 


321 


TABLE  XXXI. 


CHAP.  XIT. 


Detailed  List  of  FAcma  Implements  for  Rifled  B.L.(Bbeegh  Scbew)  Glks. 


6-PBS. 

In  a  hoxy  with  himget  and  hoips^  and  padlock 
with  two  keys. 


1  screwing  in 


•  •• 

•  •• 


^Tent-piec«  riog,  angle  facing 
Guard,  wood,  for  rent- piece    

rin  breech-Bcrewi       

Goidee,  <  in  powder  chamber 

Cwood  (block  upeelting),  two  parts 
Key,  for  fixing  knives 

Knives,  brwchfSJSS?^**'*' 

o^^^^pp^'iSSh boring"    ::: 

A^vor  «•«        •••        «••  •••        •■• 

Fundi,  for  pin  in  spindle  

Spanner,  for  stop  washers  

opinoie      ••*       •••       •••  •«•       ••• 

Washers,  stop      •.»       ..«  


••• 
••• 
•«« 
»•• 
••• 
••• 
«■• 
••• 
••• 
••• 


Letter. 


L 
K 
H 
I 

N 

g 

E 
O 

F 
G 

J 
B 
B 
P 
A 
C 


No.  of 
each. 


20-FBS. 

In  a  hoXf  with  hinges  and  hasps,  and  padlock 
with  two  keys. 


"angle  facing •'• 

finish  (*  8-875  dianaeter 

«^i  ~p-  ^  W'to'Vr't'  :: 

.upsetting      

t.Tent-plece  ring,  angle  fadng 

Goard,  wood,  for  vent-piece    

rin  breech-screw       

n«M^    J  in  powder  f  3*876  diameter 

uoiaes,  <  chamber  I  «-94  diameter 

V.wood  (block  upsetting),  two  parti 

Knives,  br«5chC21?*°«f®*** 

bush  copper,  I  J^J'^ring-       Z 
KojTf  fof  ^*^"j  kniTM   •>•       •••       •••       •• 

a^DtCT  •••  •••  •••  ••■  •••  •• 

Ponch,  for  pin  in  spindle  

Spanner,  for  stop  washers  

opuoie      ••«        ■.«        •••  •*•        •••       •• 

Washers,  scop     ...       ...  ...       .•.       •• 


LetUr. 


K 

II 

12 

G 

M 

L 

P 

O 

Dl 

D2 

Q 

F 
JAJl 
H 
N 

B 
B 
0 
A 

B 


No  of 
each. 


12  &  9-FBS. 

In  a  hoXf  with  hinges  and  hasps,  and  padlock 
with  two  keys. 


i 


Blocks 


I 


/"angle  facing 
breedi      finish  r 8*125 diameter... 
bush   <^  boring  \  3*2  diameter 
copper,  I  screwmg  in 

I  Vnpsetting 

V^vent-pleoe  ring,  angle  facing 

Guard,  wood,  for  vent  piece 

/'in  breech  screw       

antAmm   J  ^  powdcr  (  3*125  diameter 
uuaes    <  chamber  1 3*2  diameter  ... 

Iwwood  (block  upsetting),  two  parts 
Key,  for  fixing  knives   ... 

Knives,  breech  r^S^*'*' 

bushc(^per  1"*'"^ 

Lever         .^ 

Punch,  for  jdn  In  spindle 

Spanner,  for  stop  washers 

Spindle      

Washers,  stop     


Letter. 


.rough  boring... 


No.  of 
each. 


40-PBS.  (SeeNoTt.) 

In  a  hoxt  with  hinges  and  hasps,  and  padlock 
with  two  keys. 


(angle  facing  
cutting  out  
finish  (  4*91  diameter  .. 
boring  (.  4  06  diameter  .. 
screwing  in  
upsetting 

V.vent-pleee  ring,  angle  facing 
Collar,  for  feed  motion 

Tin  breech-icreir      

<^«""    j  expanding,  In  powder  chamber., 
l^wood  (block  upsetting),  two  parts 
Handle  to  hold  blocks  in  vent  chamber 

A^BTOa  •••  •••  •••  •••  *••  9*1 

Punch,  for  i  ^V*  ^t  'S?^ 

Spanner,  for  stop  waahexB       

Spindle      ...       ■••       •••       •••       ...       •., 

Washers,    (S?J"'       •"        


Letter. 


I. 


Q 
I) 
Kl 
2 
B 
H 
H 
B 
CAl 
tA2 
C 
N 
F 
J 
K 
L 
B 
I 
0 
L 


Ko.of 
each. 


7-nfOH. 
In  a  box,  with  tray,  hinges  and  hasps,  and  padlock  with  two  keys. 


Blocks 


(cutting    out,     boring, 
facing,  tapering,  and 
angle  facing, 
screwing  In,  and  rough 
boring. 
LTent-pleee,  angle  facing 

Guard,  wood,  for  vent-piece 

OnidM    yinbreech-^crew       

uoioes,  ^expMidlng  in  powder  chamber 


LetUr. 

No.of 
each. 

I 

G 

1 

L 

ri 

1 

••• 

K 

I 

••• 

0 

1 

■  •• 

0 

2 

••• 

D 

1 

Handle  to  hold  blodcs  in  vent  chamber 
Knives  cutting  out,  C  thick  iron 
breech  bush,  (.tbiniron 

XjCtCa  •••  •••  •••  ••■  «a* 

Punch,  for  pin  in  spindle         

Spanner,  for  stop  washers        

SpinQle      •••       •••       •••       ...       ... 

Washers,  stop      


Xo.  of 

each. 

1 
2 
2 
1 
1 
1 
1 
2 


NoTi.— This  set  of  40-pr.  Facing  Implentents  is  the  new  pattern;   the  old  pattern,  which  is  not  to  be  eonsidcrpd 
obsolete,  consists  of  the  same  artides,  with  the  omisuon  of  those  marked  *,  and  the  insertion  Instead  of  the  *'  Guide 

expanding,''  Guides  in  powder  ehamber  [  J^JJ  diJSeur^  *— l! }  ^^  "  Changes  in  Fnttenii,-§  107*,  No.  6. 
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VSMOHATIOS,  FBB8BERYATI0N,  BEPiORS, 


CHAP.  HI. 


TABLE  XXXII. 


LiBT  OF  YxHTiHa  Tooi^  Fos  R.M.Ti.  and  SJB.  Guks. 


KATUBE  OF  ABTICLE. 


Bar  imn  vrith  «pBS^  Asd  f  large.  Hark  I.  .. 

metal  oaHar  i  small,  in  2  pieces  Mark  II. 


fgnns 


Blocks  wood 
for  instru- 
ments tak- 
ing im< 
pressioQ  of 
yenis 


Mk.  I.    .. 
u    II.  and  III. 


^iroQ. 


18-pr. 

32  „      .. 
cast  iron  ■{  68  „ 

8"  and  mortar  . . 
1(/'  and  mortar 
13''  mortar 
25-pr.    • .         •  • 

^, 

64  „ 

64., 
7" 
8" 
9" 
10^ 
11" 
12" 
12"-5 
r64-pr 
80 
6"-3 
8" 


■wrought 
iron 


.W.I. 


» 


"metelior  fvn,  WJ.  16-pr. 

e: 


Blocks 


1 


64 
80 
64 
60 


*9 
if 


-gmrs  conrertad  gum-  gn  ^ 

stop  for  ¥ent  conyeried  guns 

4''  itieUa  (Stfl  double  with  fall, 
cuny  eriod  *g  uus 
r  armourers     ••         ..         ..         .. 

Braces  •<  drilling,  lac||[e  

(.ratchet,  12ruifili      ^« 

Bumishen,  spare  (sat  of  iliree) 

{for  tools  Tenting  f  No.  I*  Mark  I. 
siege  train  ord-    \  No.  2t  Mark  II. 
nance, 
for  Tsnts  &r  do.     No.  8{  Mark  III. 
r  hand,  flat,  set  of  fiye 
Cliisels-<      „     gauge  ..  .« 

I     „     pavnn,  set  of  three 


}■• 


For  64-pr. 
W.I.  ffuiu 
snddown- 
vardt,  and 
•"•8  and  6" 
Bowitsen. 


1 
1 
1 
1 


1 
1 
1 


1 

1 
1 


1 
1 
1 


For  all 
caat  iron 
ordnaaco 
oonrerted 
guns,  1" 
W.I.  and 


1 
1 
1 
1 
1 
1 
1 


1 

1 
1 
1 
1 

1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 


cwts.  qrF, 

*  Weight  about  3      2  \rhen  filled, 
t  „  2      2 

t  ,.  12 


i> 


M 


» 


Dimensions  5'  7"  x  V  5"  x  1'  2." 
S'  8"  X  1'  r  X  r  3." 

y,       r  6"  X  r  r  x  r  2." 
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Table  XXXIL — continued. 


CHAP.  xri. 


NATUBS  OF  ABnCLE. 


'Collars,  poljstepped 
for     muzzles     of-^ 
ordnance 


fNo.  1,  9-in.  to  13-in.  E.M.L. 


T^^  „     r  12-pr.  S.B.  to  e8-pr. 
^®-  ^'   i64-pr.  to  8-in.  II.M.L. 
No.  3,  7-pr.  to  8-in.  for  M.L.  bar 
"12-pr.. . 
18 


} 


Cutters  for  metal  f  cast  iron 
heads  1  ordnance 


if 
it 
ff 


24  »  set  of  2 


Cutters   r  wrought 


32 

oo  I)  •  •  •  • 

S''  and  mortar 
10" 

■•■"     it  n 

^13"  mortar   . . 
r>7  «,  /224  lb»  and  200  lb. 
^■P^- 1150  lb. 
cf 

JLO     y)      • «  .  .  a  • 

25  })  .  •  •  •. 

64    „  and  6"3  Howitzer 


for  metal  <  iron  ord-J  S?  li'    T  "   ' 
\.^A      I  r..nnA        -!  8„  Howitzer. . 


head      (.  nance 


7"gun 


5> 


8" 
9" 
10" 

ir 

12" 

^12" -5  gun 

Cutter,  rose,  for  64-pr.  and  80-pr.  couTcrtcd  guns 
Cylinder,  guide  for  conrerted  guns 

6" 
Si" 

lot 

F 

F. 
P. 

F, 

IF* 


Drifts  for  taking  out^ 
old  Tents 


Drills 


oono 


t 

4" 
10" 

for  renting,  drifting  ■{  -o 


1 


set 


►set 


For  64-pT. 
W.l.  G^uns 
and  down- 
wards, and 
6"-8  and  a" 
Howitzers. 


1 
1 
1 
1 
1 
1 
1 
1 


1 

1 


1 
1 


1 
1 


ForaU 
cost  iron 
ordnance 
converted 
guns,  7" 
W.I.  and 
upwards. 


1 
1 

1 

1 
1 
1 
1 
1 
1 
1 


*  To  replace  collars,  oast-iron,  w!  en  the  latter  arc  worn  out. 
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CHAP.  XII^ 


Table  XXXII. — continued. 


XATORE  OF  ABTICLE, 


Drills  for  venting,  tapping 


rt" . 

10" 
B   ■ 

B, 

LB4   J 


■et 


set 


Drills,  hollow 


i" 

H" 

A,}***         

FQe)  bastard  (with  handle)  flat,  14'^  safe  edge 

Frame,  iron,  complete  for  cutting  off  ends  of  rents  with 

adjusting  bars  and  ext^dcrs,  long,  set 
Frame,  iron,  complete  for  cutting  off  ends  of  Tents  with 

adjusting  bars  and  no  extenders,  short,  set  J 

Frame,  trunnion,  with  cross  head  complete  for  conrerted  \ 

guns  (4  pieces)  J 

Gauge.  Tent -22  I J^"'*        

0jn,  iron,  triangle,  10  feet  high,  for  converted  guns 

„  /hand        |^'«f, 

Hammers  •<  \  small 

|_  monkey  for  converted  guns 

12>pr..  •  • .  •  •  • . 


Heads  metal  for  f  cast  iron 
cutters         1     guns 


1} 

n 
I* 


Heads  metal  for  f  wrought 
cutters         \  iron  guns 


18 
24 
32 
68 
8^'  and  mortar 

13"  mortar 
'7  and  9  pr. 
16-pr. 
25 
40 


64  „    and  e"-3  Howitzer 
8"  Howitzer 
7"  gun 


•  • 


8" 

9" 

10" 

11" 

12" 
Ll2"'5  gun 

Hook,  extracting,  expanding  block,  converted  guns 
Instrument  for  taking  1    ^^  ^^^^  j 

impressions  of  vent  ^  j^^  j^  g  lengths,  Mark  II. 
with  stave  J  »      '    . 

r  »  1  •      V     /  largo  set  of  2  , . 

Levers,  iron,  for  workmg  bar  |  ^^^  ^^     ^  g 

Machine,  drilling,  complete  with         /  large 
2  lengths  of  chain,  7  ft.  each  length  \  small 


For  64-pr. 
W.l.  fniQt 
and  down- 
wards, and 
6 'a and  b* 
liowitzen. 


1 

1 


1 
1 


1 
1 


For  all 
cast  iron 
ordance 
convertMl 
ffuni,  7" 
W.I.  and 
upwards. 


1 

1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
I 
1 

1 
1 
1 
1 
1 


1 
1 
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Table  XXXII. — continued. 


CHAP.  xn. 


NATDBB  OF  ABTICLE. 


Pan  inBtnunent  for  taking 
impression  of  rents 


Bimera     < 


cone 


A  large         •  • 

B  small  for  64-pr.  R.M.L. 

and  downwards 
G  64-pr.  and  80-pr.  eon- 

rfor  bar  iron,  Mark  I,  for   9"  to  12"-5 
Piece,  length-        R.M.L.  guns 

ening  "*  for  instrument  taking  impressions  of  yents, 

L     Mark  I,  for  9"  to  12"-5  R.M.L.  guna  . . 

ri"         

••         ••         ••         ••         .. 

1}"^      

mouth  of  Tent     .  •         •  •         • . 

vent      i  ^^^^  '^^  medium      . . 
\  medium  and  long 
Saw,  with  frame  14-inch        .  •         .  •         . «         • «         . . 

Snanner  /  ^^^  "^**  ^^  frame  

^^^      \  for  countersink  conyerted  guns . . 
Stop,  iron,  for  metal/  40-pr.. . 

head  for  cutters      L  63  „ 

'i^  fine  set  1,  2,  and  S . . 
li"  set  1,  2,  and  3 
Ci 

C, 

Os}>set 


^P-    {Zad}-^-^ 


Taps 


fSU}'°« 


1 


old  thread 


ill 


set 


Wedge,  expanding  blocks  converted  guns  . . 

Wire.dueotmg{|;;^      ;;       ;;      ;; 

countersink  converted  guns 
frame  adjusting       •  • 


For  64-pr. 
W.I.  gniu 
and  down- 
wards, and 
6"-3  and  8' 
Howitzers. 


Wrenches  for 


K>cket  {^»^- 


small 
taps   .. 

tepsandrenU    {^^y.p,. 
vents . .         . .         . .         .  • 


1 

1 


For  all 
caatiron 
ordnance 
converted 
guna,  7" 
W.I.  and 
npwanU. 


1 
1 

1 
1 


1 

1 

1 
1 

1 
1 
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CHAP.  XII. 


Clause  122| 
Army 
Circulars, 
1878. 


The  Quantity  of  Paint  and  Lacqukr  authorized  to  be  used  for  the 
various  natures  of  wrought-iron  rifled  Guns  (one  Coat),  is  given  in 
Table  below. 


Quantities  of 

Pulford's 

Lacquer 

Paint 

for  Bores, 

for  each 

one 

Coat. 

Coat. 

Lhs.  0Z8. 

Lbs.  ozs. 

ri2-6-in.,  38-ton 

4  12 

0  14 

1 2-iTi      J  35    ,1 

iZ-in.|      „- 

4    8 
3     4, 

0  13 
0  12 

11  1,     ■ .  25    |t             •  •           *  • 

3     4 

0  11 

13    II        .  .  23     II                   .  a 

3    8 

0  12 

10  1,     ■ .  lo    II             •  •           •  • 

2  12 

0    9 

R.M.Ii.    . .  < 

9  II     ..  12   ,1 

8  »»      •••'»»               ••            •• 

2    0 
1     8 

0    8 
0    8 

7  „    . .    7  and  6^-ton 

1    0 

0    6 

7  „     . .  90  cwt. 

1    0 

0    5 

64-pr.  . .  64    II           . . 

1     0 

0    4 

Ordnance, 

1AJ    II      •  •  vO      II                .  .              •  • 

0  14 

0    4 

wrought  iron 

9   „    J 

0    II           .  •          .  . 

0    8 

0    2 

LS.S 

0    II           «  .          .  . 

0    6 

0    2 

r  7-m.    ■ 

1  82    II            • .          . . 
L  72    „ 

1     8 
1     8 

K.B.L.     » •  m 

64-pr.   . .  61    ,1 

1    0 

40  1,     . .  35  or  32  cwt. 

0    8 

^20  ,1     ..16cwt 

0    6 

The  following  are  the  proportions  of  materials  allowed  annually  for 
the  care  and  preservation  of  guns  actually  motmted  on  the  defences : — 


Articles. 

Rifled  Guns. 

Smooth-bore 
Ordnance. 

Bricks,  bath    . . 

•  • 

1  to  5  guns. 

1  to  20  pieces. 

Cloths,  sponge 

•  • 

3  for  each  gun. 

1  to  10      1, 

CompositioUi    lubrica- 

1 lb.  for  7-inch  and  \  lb.  for  40-  ^ 

* 

ting  (cocoa  nut 

oil 

pr.   &  20-prs.,  and  6  ozs.  for 

NiU 

and   chalk  in  [equal 

smaller  natures  of  B.L.  guns 

parts) 

• . 

when  not  in  use. 

• 

Hemp,  undressed 

• . 

3  lbs.  for  each  B.L.  gun. 

NU. 

Linen,  old    '  . . 

•  * 

2  lbs.  for  every  6  guns. 

1  lb.  to  10  pieces. 

Oakum 

. . 

1  lb.  for  every  5  guns. 
1  quart  for  each  B.L.  gun  in  use. 

1  lb.  to  20      „ 

f 

■N 

f\^^n/*a 

j 

1  pint  if  not  in  use. 

X  t.&W\.'««           .    . 

li  quarts  for  each  M.L.  gun  in  open 
works. 

I            Nil. 

Oil    - 

mineral 

•  t 

1  quart  for  each  M.L.  gun  in  case- 
mates. 

^ 

^sweet    . . 

•  • 

Nil. 

1  pint  to  10  pieces. 
1  lb.  to  10  pieces. 

Soap,  soft 

•  • 

2  lbs.  for  eveiy  5  guns. 

• 
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Should  emery  or  other  articles  not  mentioned  in  the  Table  be    CHAP.  XIL 

exceptionally  required  in  certain  cases,  they  will  be  supplied  to  Officers         

Commanding  Royal  Artillery  on  special  demand,  the  purpose  for  which 
they  are  required  being  clearly  stated  ill  the  requisition.  Woollen  rags 
and  dressed  flax  will  not  be  alUowed. 

Officers  in  Command  of  Royal  Artillery  Districts  may  also  demand 
on  the  receipt  from  store  of  rilled  M.L.  or  B.L.  guns,  requiring  to  be 
specially  cleaned  and  lubricated  when  first  mounted  on  the  defences, 
an  additional  supply  of  bath  bricks,  grease,  hemp,  and  oil,  in  such 
quantities  as  may  be  absolutely  requisite,  not  exceeding  one-half  the 
annual  proportion.    Less  than  one  bath  brick  need  not  be  demanded 

In  certain  positions,  such  as  those  at  the  sea  batteries  at  Portsmouth, 
where  the  armament  is  much  exposed,  the  annual  proportions  of  grease 
and  oil  may  be  increased  10  per  cent.,  if  necessary. 


332  MEASUBmd  AND  COMPABINa  POWERS  OF  OUNS. 


CHAPTER  XII L 

CHAP.  xm.     MODE  OF  MEASURING  AND  COMPARING  POWERS 

OF  GUNS. 


Ooxnparatlve  Power  of  dllllBrent  Pieces  of  Ordnance. — How  to  be  yalued  by 
useful  effect  of  projectile. — This  depends  principally  upon  Telocity  of  Trans- 
lation at  muzzle,  and  resistance  of  the  air. — ^How,  knowing  powder  charge  and 
weight  of  projoctale,  to  find  out  M.Y.  theoretically. — Practical  methods  of  arriving 
at  M.V. — The  Le  Bouleng^  Chronograph. — How  to  deduce  from  M.V.  the  V.  of 
projectile  at  any  range  by  Professor  Bashforth's  tables. — Or  by  Professor  Helix's 
formula. — Eramples  of  obtaining  Y.,  &c.,  by  Bashforth's  tables. — ^Velocity  of 
Botation. — Affected  by  amount  of  twist  and  by  velocity  of  translation. — Effects 
to  be  produced  by  projectile.* — From  fiejd  guns. — ^With  siege  pieces. — From  heavy 
guns. — As  to  piercing  of  iron  plates. — Formula  used  to  airive  at  penetrative  power. 
— ^Work  done  upon  the  Gun. — On  the  walls  of  bore. — On  the  grooves. — Modes 
of  measmiog  the  powder  gas  pressure. — Empirically  by  crusher  gauges. — ^Met^od 
of  using  these.-^Theoreticilly  by  means  of  the  Noble  Chronoscope. — ^Pressure  on 
Grooves  already  described  in  Chapter  II. — Tables  for  calculating  velocities. — 
Professor  Bashforth'a. — Ogival  headed  and  spherical. — Velocities  of  projectiles 
from  our  heavy  guns  at  various  ranges. ^Energy  of  the  same. — ^Table  of  Work 
realised  in  an  experimental  gun. — Note  A.,  and  Tables  C.  and  D.  (Captain 
Andrew  Noble,  F.R.8.),  showing  how  to  arrive  theoretically  at  M.V. — Note  B. — 
Description  of  the  Le  Bouleng^  Chronograph. 


Comparative  Power  op  Guns. 

How  the  com-  We  have  in  the  preceding  Chapters  described  the  materials  used  for, 
parative  value  and  the  actual  manufacture,  inspection,  and  proof  of,  service  ordnance 
of  a  gun  is  and  their  stores,  and  have  also  discussed  generally  the  theories  upon 
obtained.  which  the  mode  of  manufacture  of  our  guns  is  based.    Let  us  now  con- 

sider how  we  can  evaluate  these  guns  when  made,  and  in  what  manner 
we  can  compare  one  piece  of  ordnance  with  another — how,  in  fact  we 
are  to  measure  the  power  of  any  gun. 

It  may  be  well  to  repeat  here  once  again  that  similar  power  may  be 
obtained  from  different  systems  of  construction,  or,  to  quote  a  foreign 
artillery  authority,  who  says,  with  reference  to  the  comparative  trial  of 
a  96-pr.  R.B.L.  Krupp  gun  and  a  9"  H.M.L.  Woolwich  piece,  "  It  is 
unnecessary  that  we  should  under  this  head  do  more  than  point  out  that 
the  work  impressed  on  the  shot  has  nothing  whatever  to  do  with  the 
mode  of  constiniction  of  the  gun ;  that  if  from  two  guns  shot  of  the 
same  form  and  material  and  endowed  with  the  same  velocity  are  fired, 
it  is  a  matter  of  indifference,  as  far  as  regards  effect,  upon  what  system 
the  guns  are  constructed."* 

*  Letter  of  President  of  Prussian  Select  Committee,  quoted  by  Colonel  Reilly,  C.B., 
in  Report  of  1872. 
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There  are,  it  is  clear,  two  points  to  be  principally  considered: —  CHAP. Xin. 

(1)  the  work  impressed  upon  the  projectile  when  tne  gun  is  fired,  and         

(2)  the  work  done  upon  the  piece  itself. 

We  know  that  a  gun  is  but  an  instrument  employed  for  throwing  a 
projectile,  and  its  power  may  plainly  be  measured  by  the  effects  it  can 
produce  by  means  of  this  projectile  at  a  given  distance  or  distances. 
Of  any  number  of  similar  pieces  that  which  can  produce  such  effects  in 
a  maximum  degree  and  with  the  greatest  certainty  and  regularity  in 
the  shortest  time  must  be  judged  the  best ;  while  on  the  other  hand  it 
is  evident  that  in  producing  these  effects  the  gun  itself  must  not  be 
unduly  strained 

Before  finally  introducing  any  new  nature   of    ordnance  into  the  BaUiBtio 
service  we  consequently  test  its  ballistic  power,  upon  which,  as  we  po^'^er  fimt 
shall  see,  its  effective  power  principally  depends,  and  afterwards  try  fo^^nd. 
the  gun  for  range,  accuracy,  and  amount  of  deflection  by  absolute  Subsequent 
practice  with  the  proposed    service   charge  and  projectile  at  Shoe-  ^»l»™adeas 
buryness.*  r^gp>  «»• 

ITie  accuracy  and  deflection  will  be  influenced  by  the  twist  of  rifling 
upon  which  (taken  in  conjunction  with  the  velocity  of  translation  as 
explained  at  p.  41)  the  velocity  of  rotation  depends. 

While  testing  the  ballistic  power  of  the  piece  with  flat  headed 
projectilest  at  the  R.G.F.  Proof  Butts  in  Woolwich  Arsenal,  the  pres- 
sures produced  upon  the  walls  of  the  bore  at  different  points  are  also 
determined  by  the  methods  described  further  on.]; 

(1.)  Useful  Effect  of  Peojectile. 

Prior  to   inquiring  further  into  the  actual  effects  produced  by  its  Work  stoied 
projectile  it  may  be  pointed  out  that  if  t?  =  the  velocity,  and  W  =  up  in,  or 
numbers  of  lbs.  in  a  shot,  then  the  work  stored  up  in  it,  or  the  kinetic  energy  of  a 

'\\r  i;s  projectile. 

energy§  of  translation  =  -5 — ,  representing  a  certain  number  of  foot- 

j)ounds  as  the  case  may  be.  This  is  the  work  stored  up  to  produce 
effect,  and  the  value  of  the  gun  may  be  theoretically  measured  accord- 
ing to  the  amount  of  energy  imparted  in  a  variety  of  ways,  «.^.,  by  the 
amount  of  energy  imparted  per  cwt.  of  gun,  per  lb.  of  powder,  per  ton 
of  mean  pressure  in  the  p)Owder  chamber,  or  otherwise ;  the  former 
method  is  sometimes  employed  for  field  guns  where  the  weight  of  gun 
is  of  importance;  the  two  latter  enumerated  are  employed  by  the 
Committee  on  Explosives  as  shown  in  Table,  p.  858,  at  the  end  of 
Chapter,  columns  11  and  12. 

The  effects  we  require  a  piece  of  ordnance  to  produce  vary  much,||  Effects 
from  the  piercing  of  thick  iron  plates  at  the  distance  of  a  mile  or  more  produced  by 
to  the  showering  of  the  greatest  possible  number  of  deadly  bullets  *  fi^* 
amongst  advancing  skirmishers  at  very  short  ranges, — from  the  open- 
ing of  a  breech  through  the  logs  of  a  simple  wooden  pah  to  the  batter, 
ing  down  of  granite  casements  upon  which  all  the  skill  and  science  of 
the  engineer  have  been  spent.    Whatever  they  may  be,  however,  we 


*  Vide  p.  52  for  method  employed  to  determine  angle  of  deflection. 

t  This  allowe  ub  to  use  not  quite  bo  thick  a  hutt  as  would  be  necessary  if  pointed 
projectiles  were  used  ;  eren  as  it  is,  60  feet  of  sand  with  a  backing  of  40  feet  of  earth 
constitute  the  butt  for  the  heayiest  natures. 

X  Under  heading  "  Work  done  on  Qun,"  p.  346. 

§  "  Kinetic ''  energy  being  the  energy  of  motion  ;  any  body  in  motion  has  kinetic 
energy  which  it  must  communicate  to  soma  other  body  during  the  process  of  bring- 
ing it  to  rest. 

II  Vide  p.  843  of  this  chapter. 
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Velocity  of 
translation. 


CHAP.  XIII.  shall  find  that  their  value  depends  principally  upon  the  ballistic  power 
of  the  gxin,  which  with  a  given  projectile  is  a  function  of  the  velocity  of 
translation  given  at  the  muzzle,  for  upon  this  depends  the  destructive 
work  stored  up  in  the  projectile  at  the  point  where  it  is  required  to  act. 
To  ensure  the  projectile  reaching  this  required  p9int  with  certainty  and 
regularity  it  must  also  be  endowed,  upon  leaving  the  muzzle,  with 
sufficient  velocity  of  rotation  to  ensure  its  flying  point  foremost  and 
steadily  to  that  point 

Velocity  of  Translation, 

We  have,  then,  in  the  first  place,  to  determine  the  velocity  of  trans- 
lation, from  which  that  of  rotation  is  readily  deduced. 


Velocity  of 
rotation* 


Determi- 
nation of 
muzzle 
Telocity 
theoretically. 


Beeearcheeand 
calculations  of 
Captain  Noble 
(late  B.A.), 
F.II.S.,  and 
Professor 
Abel,  F.B.S. 


Bobin's  ballis- 
tic produc- 
tions. 

Nayez-Leurs, 
Le  Bouleng6 
Bashforth's, 
Watkins. 

Obtaining 
actual  M.V. 
by  experi- 
ment. 


TheLe 

Bouleng^ 
instrument. 

Electric  appa- 
ratus em- 
ployed. 


_  Muzzle  Velocity. 

Various  attempts  have  been  made  to  arrive  at  the  M.V.  of  a  pro- 
jectile by  means  of  determining  by  calculation  the  total  amount  of  work 
done  by  the  explosion  of  the  powder  charge  (deducting  from  that  the 
work  done  upon  the  gun),  and  so  finding  out  the  work  done  upon  the 
projectile  itself,  from  which  if  known,  we  could  work  out  what  the 
velocity  at  the  muzzle  would  be. 

None  of  these  theoretical  solutions  have  given  such  results  as  to  be 
practically  useful,  until  the  recent  researches  and  calculations  of  Captain 
Noble  (late  R.A.),  P.R.S.,  and  Professor  Abel,  P.R.S.,  provided  us 
with  data  by  means  of  which  we  can  form  a  tolerable  approximation, 
which  will  prove  of  much  service  in  working  out  the  problem  as  to 
how  any  required  gun  should  be  constructed.  The  mode  of  arriving 
at  the  approximate  velocity  is  shown  in  the  example,  at  p.  360. 

The  necessary  tables,  extracted  from  the  work  mentioned,  together 
with  a  short  explanation  of  the  same,  are  given  at  the  end  of  this 
chapter,  note  I. 

Since  1742,  when  Robins  employed  the  ballistic  pendulum  for  this 
purpose,  the  velocity  of  projectiles  have  been  determined  by  absolute 
experiment ;  but  it  is  only  of  late  years  that  the  introduction  of  the 
improved  instruments*  of  Navez-Leurs,  Le  Boulenge,  Bashforth,t 
Watkins,  &c.,  have  enabled  us  to  make  perfectly  certain  of  our  results. 

The  velocity  of  the  projectile  always  has  been  and  still  is  empirically 
obtained  at  a  given  distance  from  the  muzzle,  and  then  the  muzzle 
velocity  deduced  from  this  velocity  by  calculation. 

The  BoulengS  Chronograph, 

Neglecting  the  old  experimental  modes  of  obtaining  the  velocities,  we 
will  now  proceed  to  the  description  of  that  at  present  employed  at  the 
-  R.G.F.  Butts,  viz.,  the  Boulenge  chronograph. 

As  in  all  similar  instruments,  electricity  is  the  agent  employed  for 
measuring  the  velocity,  and  the  general  mode  of  utilizing  it  is  as 
follows : — 

Frames  with  wire  stretched  across  them  in  connection  with  primary 
circuits  are  placed  at  certain  intervals  in  front  of  the  gun  so  that  the 
shot  shall  cut  the  wires  successively,  thereby  interrupting  the  electric 
currents  which  pass  through  them  and  the  instrument  connected  with 


*  A  description  of  these  and  their  results  wiU  be  found  at  pp.  24-6  in  Professoc 
Bashforth's  most  useful  work  already  mentioned  and  also  in  Table,  p.  864. 

t  For  determining  the  Telocity  of  small-arm  buUets  the  Bashforth  chronoscope  is 
employed  at  Woolwich. 
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them,    A  record  is  thus  obtained  in  the  instrument  of  the  precise  OHAP.  XUU 

instant  at  which  the  projectile  passes  each  frame.    The  time  occupied 

in  passing  from  one  frame  to  the  other  is  therefore  known,  and  by 

dividing  the  distance  between  the  frames  by  this  time  the  velocity  of 

the  projectile  at  a  point  half-way  between  the  frames  is  found.    For 

instance,  suppose  the  frames  to  be  120  feet  apart,  and  the  time  taken 

by  the  shot  in  passing  between  them  to  be  0*1  of  a  second,  then  the  „         .    , 

1 20  Frame*  m  the 

velocity  of  the  projectile  will  be =  1,200  f.  s.    As  the  first  frame  circuit. 

must  be  placed  some  distance  from  the  gun  to  prev^it  its  being 
damaged  by  the  discharge,  the  velocity  obtained  as  above  is  that  of  the 
projectile  between  100  and  200  feet  from  the  gun,  and  in  order  to  find 
the  velocity  at- the  muzzle  it  is  necessary  to  calculate  the  loss  due  to 
the  resistance  of  the  air  over  that  space.  This  is  done  by  means  of  a 
formula  similar  to  that  used  for  calculating  the  remaining  velocity  of  a 
projectile  at  any  range,  being  given  the  velocity  at  the  muzzle,  and  is 
explained  further  on. 

With  the  Bouleng6  chronograph,*  the  shot  is  made  to  cut  two  Electro- 
currents  (by  passing  through  two  screens),  and  thus  to  demagnetise  one  ^ftgoete. 
after  another  two  electro-magnets  which  had  previously  supported  two 
heavy  bodies.    The  fall  of  these  bodies,  under  the  action  of  gravity,  is 
the  measure  of  the  time  taken  by  the  shot  to  pass  over  a  known 
distance. 

In  this  instrument  the  weight  falls  freely,,  and  without  any  disturb- 
ing influence,  in  a  vertical  direction,  and  the  distance  actually  described 
by  it  is  measured ;  the  corresponding  time  being  readily  ascertained, 
and  the  velocity  calculated. 

By  means  of  a  scale  previously  prepared,  the  velocity  of  the  projectile 
can  at  once  be  read  off  without  any  calculation,  an  advantage  which 
this  instrument  possesses  over  most  others.t 

It  is  so  arranged  that  when  the  shot  strikes  the  first  screen  an 
electro-magnet  supporting  a  long  rod  covered  from  the  lower  part  by  a 
zinc  tube  (and  called  the  chronometer)  is  demagnetised,  and  the  rod 
begins  to  fall ;  while  it  is  falling,  the  shot  continues  to  fly  forward  in 
the  space  between  the  screens,  and  soon  cuts  the  wires  of  the  second  The 
screen,  when  a  second  weight  called  the  "registrar,**  supported  by      ^wgwtrar. 
another  electro-magnet,  is  released.     The  weight  falls  upon  a  trigger,  Trigger, 
and  so  realeases  a  circular  knife  which  (carried  forward  by  a  spring)  "  C&ono- 
strikes  the.  zinc  tube  on  the  '*  chronometer,"  which  is  still  falling,  and  motor." 
makes  a  perceptible  dent  in  the  metal.^ 

A  very  simple  relation  exists  between  the  height  of  this  indent  and 
the  velocity  of  the  projectile.  It  is  evident  that  the  time  which  elapses 
after  the  fall  of  the  chronometer  before  the  registrar  is  released  is  the 
time  taken  by  the  projectile  in  passing  over  the  distance  between  the 
screens ;  the  less,  therefore,  the  velocity  of  the  projectile,  the  further 
in  advance  will  the  chronometer  be,  and  the  higher  will  be  the  indent. 


*  For  a  full  deBcription  of  this  instrument  see  a  pamphlet  puhlished  in  1871  hy  the 
War  Office,  "  Description  and  Use  of  Le  Bouleng^  Chronograph,  Ac,  Ac.,"  hy  Lieut, 
(now  Captain)  C.  Jones,  B.A.  ;  or  a  paper  bj  CStptain  Jones  in  Proceedings,  B.A.I., 
YoL  IX.,  No.  6,  from  which  much  of  this  description  is  taken  rerbatim. 

t  Bxcept  that  lately  perfected  hy  Captain  Watkin,  E.A.,  a  full  account  of  which 
is  given  in  Proceedings,  II.A.I.,  Yol.  IX.,  p.  14.  Every  part  of  the  chronograph  is 
of  metal,  and  it  is  consequently  little  influenced  by  changes  of  climate — a  property 
which  renders  it  peculiarly  suitable  for  use  in  a  countiy  like  India,  where  Yulcanite 
and  other  insulating  materials  rapidly  deteriorate. 

X  A  detailed  description  of  this  instrument  is  given  in  Note  II.,  p.  364,  at  the  end 
of  the  chapter. 
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HorizoDtsl  projertion. 


MEASUBINQ  AND  OOMPARINQ  POWBHS  OP  GDNS.  337 

I 
Plate  B. 

Pig.  1.— Taa  TaiaoBB.    Sole  i. 


Fig.  8,     DiajDHCTOB.     Scale  i. 


HoriiunUl  projeotioD. 
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Plate  C. 


Circuit  from  batterr  which  magnetises  the  Chronometer 

electro-magnet. 
Circuit    from    battery  which   magnetizes    the   Begistrar 

electro-magnet. 
The  instruments  are  enlarged  out    of  scale  in  order  to 

show  the  details. 
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A  grachiated  rule  is  used  for  measuring  the  height  of  the  indent  above  CHAP.  xm. 
the  zero  point.    It  is  of  brass,  and  is  graduated  on  both  edges  ;  the         — " 
upper  edge  is  a  scale  of  equidistant  partd,  divided  into  inches  and  tenths,  ™^iift*®" 
reading  to  thousandths  with  a  vernier,  and  is  intended  for  use  in  con-  '     " 
nexion  with  the  tables. 

The  lower  scale  is  for  reading  off  the  velocity  of  the  projectile  with- 
out any  calculation.  It  is  graduated  in  feet  for  a  distance  between  the 
.screens  of  120  feet. 

Should  it  be  necessary  to  place  the  screens  nearer  to  one  another,  the  EmploymeHt 
velocity  can  be  found  by  multiplying  the  number  read  off  on  the  scale  by  ^*  *^"®  "^®- 
the  fraction  y^,  D  being  the  actual  distance  between  the  scre^is  in 
feet 

The  zero  point  on  the  scale  corresponds  with  the  "  origin,**  or  the 
point  at  which  the  knife  marks  the  zinc  if  the  trigger  is  set  in  action 
when  the  chronometer  is  at  rest. 

The  rule  is  fitted  at  the  zero  end  with  a  jointed  piece  having  a  slightly 
conical  projection,  which  enters  into  a  recess  in  the  bob  of  the  chrono- 
meter when  applied  for  measuring  the  marks.  Care  must  be  taken  not 
to  injure  this  portion  of  the  scale  or  the  measurement  may  be  rendered 
inaccurate. 

Prior  to  use,  the  instrument  must  be  carefully  regulated  and  adjusted,  Adjustment 
readings  being  taken  until  the  adjustment  is  correct.  ^^  instrument. 

To  take  a  velocity,  cock  the  disjunctor  by  pressing  the  mill-headed 
screw  (Plate  B.)  so  as  to  establish  the  current ;  suspend  the  chronometer 
and  then  the  registrar  to  their  respective  electro-magnets ;  fire  the  gun 
through  the  screens,  and  then  measure  by  means  of  the  scale  the  height 
of  the  mark  made  by  the  knife  upon  zinc  tube  of  chronometer  above  the 
origin ;  from  this  calculate  the  time  and  corresponding  velocity  accord- 
ing to  the  formula  in  note,  p.  364,  or  else  measure  the  V.  at  once  by 
means  of  the  scale  adapted  for  the  purpose. 

-  The  accuracy  of  this  instrument  has  now  been  tested  by  continual  use  Aoouaacy  of 
for  many  years  at  the  R.G.F.  Butts,  and  has  proved  very  satisfactory ;  *^®  i»«tni- 
its  extreme  simplicity  and  ease  of  manipulation  recommend  it  in  pre-  °^®^*- 
ference  to  other  instruments  which  give  an  equally  accurate  result. 

Vechtction  of  Velocity  at  (my  point  from  M,  F. 

We  see  now  how  we  can,  at  some  distance  from  the  muzzle,  obtain 
with  great  accuracy  the  velocity  of  the  projectile.  Next  comes  the 
question,  How  can  we  deduce  from  this  velocity  that  of  the  projectile 
at  the  muzzle  or  at  any  point  in  its  trajectory. 

In  order  to  obtain  the  mean  velocity  we  must  know  what  velocity  the  Mnzzle 
shot  has  lost  during  the  time  of  its  flight  from  the  muzzle  to  the  screen,  '^^^^^y- 
and  as  it  is  the  resistance  of  the  air  which  retards  the  shot  and  reduces  Resistance 
its  velocity,  we  require  to  know  the  law  of  such  motion  and  the  mathe-  the  air. 
matical  expression  for  this  law. 

This  subject  has  been  investigated  by  mathematicians  since  the  days 
of  Newton,  and  it  is  generally  acknowledged  that  the  retardation  is 
some  function  of  the  velocity.  In  the  formula  we  employ  the  retarda- 
tion of  the  air  is  taken  (with  o^val  headed  projectiles)  to  vary  as  a 
certain  ftmction  of  the  velocity.*    On  this  assumption  it  is  not  difficult  to   Calculation  of 

Telocity  ac- 

*  It  is,  howeyer,  with  certain  yelocities  supposed  to  vary  as  the  square  or  as  the 
sixth  power,  both  Professor  Bashforth  and  General  Mayerski  observing  that  the 
resistance  may  be  said  to  yary  aa  the  sixth  power  of  the  Telocity,  for  yelocities 
between  about  900  to  1,100  f.s. 
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oording  to  re- 
nstanoe  of  air. 

Btohforth's 
chronofloope, 
and  his  calca- 
latioiiB  aa  to 
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air. 


Piofeaaor 

Baahforth's 

fonnula. 


TJeeful  tables 
by  Prof eaaor 
BBahfortk 


obtain  mathematical  expressions  by  means  of  which  we  can  calculate  the 
velocity  of  the  shot  at  any  point,  and  also  obtain  the  absolute  trajectory* 
of  the  projectile  or  the  path  it  describes  in  the  air.f 

In  Professor  Bashforth's  work  is  given  (at  pp.  29  to  44)  a  in- 
teresting account  of  a  series  of  experimen]»  carried  out  by  means  of 
his  chronoscope,  in  the  years  1865-70,  which  satisfactorily  established 
the  truth  of  the  theory  that  for  the  velocities  experimented  with  (900  to 
1,300  f.s.),  the  resistance  does  really  vary  approximately  as  the  cube  of 
the  velocity  with  ogival-headed  projectiles.  In  his  work  he  points  out 
that  for  practical  purposes  we  may  m  certain  cases  neglect  the  action 
of  gravity,  and  treat  the  motion  of  the  projectile  as  in  a  straight  line 
when  the  mean  velocity  is  high  and  it  is  desired  to  find  the  loss  of 
velocity  or  the  time  of  flight  for  a  limited  space  ;  the  less  the  shot  is 
affected  by  the  resistance  of  the  air  the  more  accurate  will  these  results 
be,  so  that  the  method  applies  better  to  pointed  and  elongated  shot  than 
to  spherical,  and  better  to  solid  shot  than  to  shell  of  the  same  form. 

I  Taking  the  equation  of  motion  as : — 


we  obtain  two  equations : — 


2h^ 


W^'=f{(!^)--(T>} 

(»)^-.=^"{C-t5)-(T)} 

As,  however,  the  resistance  of  the  air  does  not  exactly  vary  as  the 
cube  of  velocity,  we  must  give  different  numerical  values  to  K,  and  as 
this  is  a  troublesome  operation  the  values  of  the  second  portion  of  each 
of  the  above  equations  (1)  and  (2)  have  been  worked  by  Professor 
Bashforth,  taking  Y  =  to  1700  f.  s.,  and  will  be  found  in  the  tables 
pp.  866-369,  at  the  end  of  this  chapter.  These  tables  will  be  found 
very  useful,  and  enable  us  to  calculate  with  very  little  trouble  the  time 


*  The  question  of  tn^ectoriea  is  shortly  aUuded  to  in  Appendix,  p.  885. 

t  Professor  HJd^  deduced  the  law  of  resistance  Tarying  as  V  eren  for  these  low 
velocities.  Professor  Helix's  formula,  employed  by  Major  W.  H.  Noble,  B.A.,  in 
calculating  many  of  the  range  tables  giyen,  is : — 

«  M ! 

l  +  cVx 

where  o  is  a  oonstant  depending  on  the  form,  weight,  and  velocity  of  the  shot, 

X  =  distance  from  muzzle  in  feet^j 

V  =»  velocity  at  any  point, 

y  "-  muzzle  velocity, 

B  ^  radius  of  the  projectile  in  feet, 
W  =  weight        ,.        „         in  lbs. 
ft  cs  a  variable  co-efficient  depending  on  the  form  of  the  shot  and  the  velocity  of 
the  projectile. 

Por  higher  velocities  Oenersl  Mayevski  concludes  that  it  varies  as  the  square,  or 
Y*,  while  Professor  Bashforth  observes  that  between  1,100  and  1,850  it  varies  as  V, 
and  for  higher  velocities  as  T^. 
X  Bashforth's  Motion  of  Projectiles.    Asher  and  Co.,  London. 


§ 


Where  J« 


Ed* 


2.w(1000)» 

and  £  is  a  co-efficient  dependent  upon  the  velocity  and  the  form  of  projectile. 

4  «  diameter  of  shot  in  inches, 
to  »  weight  of  shot  in  pounds. 
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required  to  describe  a  nven  space,  or  the  space  described  in  a  given  OHAP.  xni. 
time,  if  we  know  the  velocity.    Equation  (I)  becomes —  —  . 

d\_  600  r/iooov    /lOOO 


w 


m  r  /ioooY_  /looov  \  _6oo  r  /iooo\ •_/iooo\« \ 


=  Tv — ^Ty  where  T,  and  Ty  represent  the  tabular  reduced  times  for 
velocities  t;  and  V  reapbctively  with  reference  to  a  standard  vdocity  of 
1700  f.s. 

Similarly —  S=S, — Sy  when  S,  and  Sy  represent  the  tabular  re- 
duced ranges  for  velocities  v  and  V  respectively. 

*  To  give  a  simple  instance  of  the  way  in  which  the  muzzle  velocity  Miusle  Talo- 
can  be  obtained  when  we  have  found  by  the  Le  Boulenge  instrument  or  <»*y>  80-ton 
otherwise  the  velocity,  say  at  120  feet  from  the  muzzle :—  f^**^'''^^* 

Suppose  a  1,700  lbs.  shot  be  fired  from  the  80- ton  gun,  its  diameter  j^J^^^^H^ 
being  15*98  inches,  and  that  the  velocity  at  120  feet  from  the  muzzle 
be  shown  by  the  instruments  to  be  1,500  f.  s.,  then — 

^"s=S.-Sy...(^"xl20=S,.oo-ST. 

Prom  table  S^  ,00=^76. 

.••  Sy=876  — 18-08=857'97  or  V=1504  from  same  table.* 

This  then  will  be  the  muzzle  velocity  of  the  projectile  in  question; 
of  course  with  lighter  projectiles  and  lower  velocities  the  (ufference 
would  be  much  more  marked. 

The  following  examples  of  application  of  Professor  Bashforth's  tables  Examples  of 

-«re  taken  from  Principles  of  Gunnery,  by  Captain  Sladen,  R.A-  lue  rf  Baah- 

forth  8  tablef* 

ExAKPLB  (1). — ^In  what  range  would  the  velocity  of  a  projectile  fired 
from  the  9-in.  M.L.  gun  be  reduced  from  1420  f.  s.  to  1240  f .  s.  ? 
For  the  9-in.  shell,  d=S'i)2  ins.,  t£;=250Ib8;  also  F=14209  v=1240. 
Substituting  in  equation  (I.), 

w 

or  ^^^  S==S^4B — iSi«=2208-6  —  125M,  by  Table  I. ; 
250 

or  .3183/Sr=  957-5 ft; 

so  that  iSf=:  8000  ft.  nearly* 

1.^.,  the  velodty  would  be  reduced  from  1420  f.s.  to  1240  f.s.  in  about 
8000  ft. 

ExAMPLB  (2). — ^In  what  time  would  the  velocity  of  the  same  projectile 
be  reduced  from  1420  f.s.  to  1240  f J3.  ? 


•  InaUtheee 


^i-diameter  of  prtyeotilefl  in  iachefl^ 
ID  ai  weight  of  ahot  u  lba.« 
S-idiatanoe. 
T«time. 


(CO.) 
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<'HAP.  Xin.      SubfiUtutiag  ia  equation  (IL), 

w 
or   <||?IV=T,^_r^=l-6285--8057; 

or  '3188r=-7228sec.; 
sotliat  T=2'27aeca. 

1^.,  the  velocity  would  be  reduced  from  1420  f.8.  to  1240  f.8.i]i  about 
2-27  sees. 

Example  (3). — ^Find  the  remaining  velocity  of  the  12'5-in.  M.L.  gun 
at  3000  ft 

In  this  caae,  1^=800  lbs.,  d=  12-42  ins^  muzzle  velocity  (F)=1420  f^. 
5=  3000  ft. 
Substituting  in  equation  (I.), 

w 


or   ilj^  X  8000=5'.-Su, 


800 


Traiwpoaing,        5,=  ll?^  x  80 + 5, 


=678-4+ 1251-1  (since  5,4»=  1251-1  by  Table  L); 
or  S,=  1829-5 ft; 
then  from  Table  1. 1;=  1306-6  f  a 

t.e.,  the  remaining  velocity  at  the  distance  of  3000  ft.  from  the  muzzle 
is  1306-6  f.s. 

Example  (4). — ^A  shell  fired  from  the  64-pr.  M.L.  gun  wijth  a  charge 
of  10  lbs.  of  powder  was  observed  to  strike  the  crest  of  a  parapet  in 
3  sees. ;  the  muzzle  velocity  is  known  to  be  1383  f  js.  Frod  die  striking 
velocity  and  the  range. 

In  this  case,  ti;=64R».,  (^=6*22  ins.,  F=1383  f.s.,  r=3  €»C8. 

Substituting  in  equation  (11.), 


to 

r6-22^ 
or 


or  i;=  1-814+ -9351  (since  T^=*»&&1  sec.  by  Table  IL) ; 
=2*7491  sees.; 
then  from  Table  IL  v=1049  f.s. 

t.«.,  the  striking  velocity  at  the  end  of  3  sees,  from  finrg=1049  f.B. 
Next  to  find  the  range : — 

Substituting  in  equation  (I.), 

or  -6045/5^=3595-6  — 1432-4 ; 

or  S=  ?1^  =3578  ft 
•6045 

f .«.,  the  distance  of  the  crest  of  tiie  parapet  from  the  gun  is  3578  ft 

We  now  see  that  we  can  readily  find  the  H.Y,  given  by  a  gun  to  its 
projectile  by  the  use  of  the  Le  Boulenge  or  other  instrument  which 
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gives  US  ^ae  t^aat'n  Tdocit j  tct  some  diE^omse  from  the  mnzzle,  and  so  CHAP.  XIII. 

enables  us  by  the  application  of  Professor  Baslif orth's  formula  to  find         

out  the  muzzle  velocity.    Knowing  the  latter,  again,  we  can  within 
certain  limits  find  out  the  velocity  of  the  shot  at  any  time  of  its  flight.* 

Wifh  regard  to  the  velocity  of  rotation,  we  jnust  impart  to  the  shot  Velociby  of 
a  Biffficieiit  amount  of  "kincfic  energy  oT  rotation  (or  work  stored  up,  rotation, 
due  to  rotation)  to  keep  it  steady  up  to  the  farthest  ran^  required. 

As  the  shot  leaves  the  muzzle,  its  Tdnetlc  energy  of  rotation  is  ex- 

pressed  by  the  formula,—-.  M  k'.f 
WhaKe,.Z3'=ang4ilar  velocity  At  muzzle=/.-— jSjt  .  (vide  p.  41). 
l[=mass  of  projectilf 


.9 
W^=:weight  of     do.    in  Hbs. 

.k'=  (radius  <A  gyratiQn)*=_4 

f  Tour  light  angles  (ki  circular  jneasure  6-28318),  orl 

\       on©  complete  turn,  as  we  doose  to  take  it.  / 

We  do  not  know,  however,  the  rate  at  which  rotation  is  r6tarded,§  How  to  find 
ftnd  tlierefore  can  only  determine  e3q)erimentally  the  amount  of  energy  out  amount  of 
of  rotation  to  be  imparted,  in  order  that  the  shot  shall  be  stable  at  its  rotation 
maximun  range.  required. 

The  twist  necessary  (witli  a  given  velocity)  in  a  particular  gun  to 
determine  the  shot  leaving  the  muzzle  with  sufficient  energy  of  rotation 
bein^  known,  we  can  find  out  approximately  the  twist  required  for 
another  piece  firing  ihe  same  projectile  but  having  a  different  M.V.,|| 

*  In  tfaiB  manner  have  .been  oalculafced  tlie  velooitieB  Jii  the  mutzle  and  lit  TacicniB 
ranges  of  projectiles  for  service  ^nxu9  in  table  pp.  354-3&7. 
t  To  eive  an  easy  example :  Taking  tfhe'lO-inch  aerrice  gun — 

Where  M. V. = 1364  f.8.    M«  — «^gg^ .  ttens. 
«»     40 

and  ^     12  "8 

which  when  worked  out,  gires  us  about  J^  foot  tone  .of  kinetic  eaBeag  of  jotahim. 

X  I.aDking«t1toiiirDJ6ditea»taT>jiiad»rof  inai8l2[BnaTafl^ 

§  Not  knowing  what  is  the  co-efficient  of  friction  (^1^e  air. 
II  m:§^  Xi0t  wtidro  the  oese  of  an '8-inch  gun — 

Wbem  M.Y.a>'1400  f.«.  ahout. 
*  ifrnd  BiipuuBe  Idi A  we  ^waiit  to  know  what  twist  we  «hoidfl  nre  to  an  B-indh 
4iDwitier,  which  isim  throw  the  Bsme  -piojectUe,  init  ih«  SLT.  iSi  whieh  we  -reqvare  io 
be  low,  as  it  is  intended  for  high-angle  fire. 

We  wantj  say,  a  M.y.x>f  6&0  f.B. ;  supposing  the  time  of  .flight  to  be  about  e^ual, 
then  fke  D  xn  angular  T  nuu^  1)e the  same  in  each  case,  imd  weluu» 

^ "^nd^  ".405 ""  ^^^  *^'  ^'SS^ 

.2s'         Sr 
D '"^T' = jp^BSO  lor  B^  JiDTOtzcor ; 

but  as  these  are  equal — 

--^       «r«'--^-15^7 

or  the  twist  should  be  about  1  in  16  calibres. 

(c.O.)  « 2 
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CHAP.  XIII.  ^  for  the  kinetic  energr  of  rotation  varies  with  the  angular  velocity,  and 
that  again  with  the  M.V,  and  length  of  twist. 


Effects  to  be 
produced  by 
projectiles. 


Effects  produced  hy  a  Projectile  dq>€nd  on  its  Velocity. 

Having  ascertained  the  mode  of  arriving  at  the  velocity  both  of  trans- 
lation and  rotation,  the  former  at  any  point  of  the  trajectory  and  the 
latter  at  the  muzzle,  let  us  see  how  we  apply  this  knowledge  to  ascer- 
tain the  effects  the  gun  can  produce  by  means  of  its  projectile. 

We  have  the  three  general  cases  of — 

(1.)  Field  Ordnance. 
(2.)  Siege      „ 
(3.)  Heavy    „ 

By  field  guns.  (1.)  The  power  of  a  field  gun  must  be  measured  by  its  shell*  power 
which  again  is  proportionate  to  the  range  at  which  it  can  produce  a 
sufficiently  murderous  effect  and  to  the  effect  itself.  As  to  the  latter 
the  tendency  now  is  to  evaluate  it  by  the  number  of  effective  bullets  or 
splinters  which  a  shrapnel  shell  gives  over  a  stated  area ;  the  greater 
the  maximum  rang^e  at  which  this  effect  can  be  produced,  cceteris  paribus^ 
the  more  powerful  is  the  piece,  and  as  this  range  depends  upon  velocity)* 
we  must  decide  upon  what  velocity  is  necessary  at  that  maximum  range 
to  give  the  bullets  or  splinters  sufficient  energy  to  disable  a  man.| 

Again,  the  manner  and  direction  in  which  the  bullets  and  splmters 
spread,  and  so  the  amount  of  destructive  space  covered  by  them, 
whether  the  shell  bursts  in  the  air  or  upon  impact,  will  depend  for  any 
given  range  upon  the  flatness  or  tension  of  the  trajectory,  and  this 
again  is  consequent  upon  the  calibre  and  M.y.  with  equal  weight  of 
projectile. 

We  have  but  few  experimental  data  as  yet  upon  this  point  and  so  are 
tied  down  to  measure  the  effects  of  a  g^n  as  valued  by  the  effect  of  its 
shrapnel  shell,  by  finding  out  through  what  extent  of  range  the  remain- 
ing velocity  of  the  shell  will  be  sufficient  to  impart  to  its  bullets  §  the 
necessary  energy  for  the  destruction  of  life ;  and  in  conjunction  with 
this,  taking  into  consideration  the  number  of  bullets  the  shell  contains 
and  their  individual  weight. 

Comparing  these  with  the  actual  effective  hits  made  upon  targets  by 
the  bullets  of  loaded  shell,  and  with  the  deviations,  vertical  and  lateral, 
of  Similar  shells  fired  without  fuzes,  we  can  arrive  at  a  very  tolerable 
idea  of  the  effects  the  gun  can  produce,  an  idea  sufficient  for  purposes 
of  comparison. 

(2.)  The  effects  required  to  be  produced  by  sieffe  guns  are  so  dif- 
ferent from  those  we  wish  field  guns  to  afford  that  we  must  use  a 
different  measure  for  their  value. 

A  siege  piece  is  either  required  for  direct  fire  to  strike  masonry  or 
earthwork  with  a  projectile  having  sufficient  energy  to  pierce  it  and 
afterwards  burst,  or  else  to  fire  at  high  angles  a  heavy  projectile  having 
a  very  curved  trajectory,  also  to  pierce  masonry  or  earthwork,  and  to 

*  In  the  case  of  oommon  shell  this  would  of  course  be  much  more  dependent 
upon  the  bursting  charge  of  the  shell  itself  thaji  when  shrapnel  are  employed  as  the 
measure  of  effect. 

t  "With  similar  calibres  and  weights  of  projectile. 

X  According  to  Lieut.-Colonel  Maitland,  K.A.,  this  should  be  about  800  f.s.,siioh 
wi&  bullets  as  we  employ  in  our  serrioe  M.L.  shrapnel,  Tide  an  interesting  paper 
published  in  proceedings  B.  A.I.,  vol.  IX.,  p.  884. 

§  It  is  perhaps  more  advisable  in  the  case  of  shrapnel  to  leave  out  altogether  the 
question  of  splinters,  and  to  compare  the  available  amount  of  space  in  the  shell  for 
buUeta. 


Siege  guns. 


MEASURING  AND  COMPARING  POWERS  OF  GUNS.      345 

have  as  heavy  a  bursting  charge  as  possible,  in  order  to  tear  through  CHAP.  XIII. 

the  roofs  of  magazines,  casemates,  &c.    The  weight  of  the  shell  as         

compared  with  that  of  the  piece  and  the  amount  ef  bursting  charge  it 
can  contain  will  therefore  determine  to  a  certain  extent  the  power  of  a 
siege  piece. 

(3.)  The  effects  produced  by  the  projectile  of  a  heavy  gun  may  be  Effects  pro- 
measured  by  its  power  of  piercing  iron  plates.    This  power  is  found  duoed  by 
(with  projectiles  of  the  same  form,  material,*  and  weight)  to  vary  heayy  guns, 
approximately  with  the  kinetic  energy  of  a  projectile,  and  inversely  as 
its  diameter  or  circumference,  or  some  function  of  the  same. 

The  experiments  carried  on  against  armour  plates  have  not  been 
sufficiently  numerous  nor  exact  to  allow  of  formula  being  deduced 
therefrom  which  we  can  rely  upon  as  being  under  all  circumstances 
absolutely  accurate.  Such  formula  as  those  given  below  prove,  how- 
ever, very  useful,  not  only  for  the  purpose  of  comparing  the  penetrating 
or  perforating  power  (at  any  particular  range)  possessed  by  the  pro- 
jectiles of  different  pieces,  but  also  as  allowing  us  to  calculate  approxi- 
mately what  this  power  will  be. 

Let  W=  weight  of  projectile, 
r:=  radius  of        „ 
t;= velocity  of  same  at  any  point, 
E= kinetic  energy  „ 

e= kinetic  energy  per  inch  of  shot's  circumference. 

r  thickness  of  iron  plate  the  Projectile  1         ^^^.^^j 
1      can  pierce     , .         . .         . .         . .  j      *^ 

''=  {  ''ou^^^^^^^^  can  penetrate  with-  J  ^pe,,^,,^,,. 

Then  E=^*  and  e=  -A 
2g  2flT 

The  formula  (a)  of  Captain  A.  Noble,  F.R.S.,  as  well  as  the  modifi- 
cation of  the  same  (0)  (from  the  result  of  further  experience)  by  Major 
W.  H.  Noble,  R.A.,  are  of  the  form  «=(6  «)*,  where  (b)  and  (c)  are  con- 
stants depending  upon  the  nature  of  the  projectile  and  the  material  of 
the  plates  to  be  pierced :  with  ogival-headed  chilled  projectiles  against 
wrought  iron  plates  these  constants  are  as  shown  below. 


Captain  English,  R.E.,  gives  formulsB  (7)  for  finding  t  or  t',  but  they 
are  too  long  to  be  given  here  in  eostenso.  They  will  be  found  in  R.E. 
Corps  Papers,  1871,  Vol.  XIX. 

*  The  material  is  naturallj  of  importance,  and  here  again  we  find  a  defect  in  the 
lead-ooated  projectiles  used  with  the  heary  Sjrupp  B.B.L.  gnns,  with  which,  as  stated 
in  Captain  t.  Doppelmair's  pamphlet,  "  we  shall  not  he  much  in  error  when  calculat* 
ing  the  momentum  (energy  ?)  of  a  lead-ooated  shot  if  we  onlj  take  into  account  the 
wights  of  the  cast  iron  or  st<eel  core." 

Tnis  will  account  for  the  want  of  material  diffetrenoe  in  the  penetratire  power  as 
found  hj  experiment  of  the  two  guns  mentioned  in  note  p.  832,  whose  respectiTe 
energies  (owing  to  the  greater  weight,  lenslih,  and  charge  of  the  R.B.L.)  were  as 
8,817  foot-tons  to  8,018  foot-tons  with  Uie  M.L.,  which  would  h j  the  ordinaiy 
formula  giro  not  equal  powers  of  penetration  as  oheerred,  hut  powers  in  the  ratio  of 
118*6:  100. 

t  This  formula  is  that  hitherto  generally  used  by  us  in  caloulatxag  such  tables  as 
that  at  pp.  854>  855,  which  giye  the  kinetic  energy  of  shot  fired  from  our  serrioe 
ozdnanoe  at  yarious  ranges. 
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CHAP.  XHL 


Lieut-Colonel  Mtttland,  B.A^  gives  the  following  (^)  £ov  perfovatiea 
of  iron  plates  with  chilled  ogi  vaLleaded  projisctiles. 


(a)   t= 


B 


B 


(4-78^3)  flT«    (14-87)^ 

In.  this  formula  it  wiU  be  seen  that  Lieut-ColoneL  Maitland  has  con- 
sidered, the  action  of:  the  ogival-headed  projectile  as  a  wedging  rather 
than  a  punching  action,  and  takes  the  sectional  area  instead  of  the 
circumference  aa  used  by  Captain  Noble  and  Major  NobleJ*^ 


Preeaura  on 
-waUfl  of  bore 
and  upon 
grooyes. 


Bodm&n*B 
method  of 
measuring. 


2.  Work  dome  upon  the  €kjH. 

Having  given  a  slight  sketch  of  some  of  the  methods  by  which  we 
arrive  at  the  comparative  power  of  a  piece  of  ordnance,  as  measured 
by  the  effect  which  its  projectile  produces,  we  will  proceed  to  explain 
in  what  manner  we  find  out  by  actual  experiment  whether,  in  giving 
the  velocity  to  the  shell  which  is  necessary  for  the  production  of  such 
effects,  we  strain  the  walls  of  our  gun  too  much  or  otherwise ;  also 
whether  we  exert  too  great  a  stress  or  pressure  upon  the  coating  or 
projections  and  the  grooves  employed  to  give  rotation^ 

The  first  point  mentioned  is  of  very  great  importance,  and,  as  already 
mentioned,  the  Labours  of  the  Committee  on  Explosives,  under  the 
presidency  of  Major-Greneral  Youngbusband,  F.R.S.,  from  1869  to  the 
present  dste,  have  given  us  invaluable  information  and  a  mass  of  most 
useful  data,  and  may  be  said  indeed  to  have  revolutionised  the  manu- 
facture a£  our  powder,  and  to  have  elucidated  many  a  problem  as  to 
the  action  of  the  products  of  the  charge  upon  both  gun  and  projectile, 
which  before  had  been  insoluble. 

Attempts  had  previously  been  made  to  measure  experimentally  the 
pressure  exerted  by  the  powder  gas  on  the  walls  of  the  gun,  ai^  the 
American  Ordnance  officer  Captain  Rodman  |  invented  a  presaaragaugs 
in  1861,^  upon,  which  that  now  enjoyed  by  us  was  founcbsd. 


Modes  used 
bv  UB  to  ascer- 
tuin  presBure 
in  boro. 

CVusher 
gauges. 

C'hronoscope. 


Means  of  determining  Pressure  in  Gun, 

We  employ  two  distinct  methods§  of  determining  the  pressure  on 
the  walls  of  the  bore,  viz.  :— 

(I.)  By  means  of  "  crusher  gauges,"  which  register  the  maximum 
pressure  at  various  parts  along  the  bore. 

(II.)  By  the  use  of  the  chronoscope,  which  enables  us  to  measure  the 
velocity  of  the  projectile  at  several  successive  points  of  its  passage 
through  the  bore,  and  thence  to  calculate  the  mean  pressure  ex^edby 
the  gas  at  these  points. 


*  Many  of  the  experiments  on  wbick  their  formula  are  based  were  carried  out. 
with  All-headed  projectiles,  or  with  projectiles  which  upon  striking  the  phite  becanii? 
auoh,  pnMrfaoallj. 

t  Vide  Chapter  II. 

t  'Vide  "  Report  of  Experiments  on  the  Properties  of  Metols  for  Cannmij  andtbo 
"  Qftalitiww  of  Cannon  x^owder." — ^by  Captcun  Bodman,  Ordnaiica  Separimfint^ 
XI.S.A.,  1861. 

§  LhaTQ  taken  much  of  the  following  descr^tion  out  of  a  most  useful  paper  oil 
*  Inatanments  for  taking  Ydooitiea,,  &a.J*  by  r.aptain  Jones^  B.A.,  in.  Broceflding^,, 
It.A.I.,  Vol.  IX.,  No.  6. 

II  The  idea  of  ascertaining  the  pressure  by  the  amount  of  "  cru^iiiig"  or  compns- 
aion  of  small  cylindars  of  copper,  originated  in  the  SoyalCfcua  Factories,  in  whick 
department  these  gauges  were  first  manufactured. 
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Measuring  Prasvrts  hy  Crusher  Oauffea.  CHAP.  XLII. 

The  cnislier  g'auge  jj  ia  shown  in  the  diagram  oa  the  next  page.    It  Deicription 
COBidfite  of  a  steel  buah  (Fig.  1),  of  the  aome  dimensiona  as  the  vent-  "^  Crnahar 
bush  used  for  all  our  service  guns,  provided  with  a  moveable  base  or  6*"8*- 
nozzle  screwed  on  to  the  bush.    The  interior  of  the  nozzle  is  bollowed 
out  so  as  to  form  a  chamber,  in  which  is  placed  a  steel   anvil,  with 
grooves  along  its  surface  communicating  with  a  channel  corresponding 
with  the  vent-chamiel  in  a  vent  bush.    Thus  any  gaa  that  may,  by 
accident,  find  its  way  into  the  crusher  chamber  has  a  free  escape  into 
the  air  (this  channel  has  been  omitted  iu  the  crushers  for  the  SO-ton 
gun).    In  the  chamber  ia  placed  a  small  cylinder  of  copper,*  A  (Figa. 
1  and  2),  half-an-inch  in  length  and-^th  of  a  square  inch  in  sectional 
area.     Thia  cylinder  is  held  hghtly  (but  not  prevented  from  expanding 
laterally)  in  the  centre  of  the  chamber,  by  a  small  watch  spring.    One 
end  rests  against  the  anvil,  while  the  other  end  is  acted  on  by  a  piatoa, 
C  (Fig.  1),  which  is  moveable  in  the  nozzle,  and  is  pressed  agtunst  the 

Ihi  Obdbbxb  Qtui&M. 


*  'Wliere  extreme  ftcconcy  i>  required— u  in  the  late  eiperimenle  iritli  the  SO-bn 
gan—«»A  copper  ojlmder  ia  tested  preriona  to  beine  in»«(ed  in  the  gange,  Thia 
u  done  br  criuhing  tJieoi  all  np  to  &  gLiva  piewure  (say  18  toiu  on  the  squue  inii) 
— nther  len  than  the  preuare  which  the  cnuheF  gauge  ia  expected  to  record — 
irliiob  method  of  procedure  haa  the  additdocal  adTantage  of  elinunating  lome  irregn- 
laritiee  t<j  which  the  craahor  gUBgo  haa  been  found,  under  certr'-   ~ ' ■- 
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CHAP.  xm.  copper  cylinder  b;  a  small  spring.    The  lower  eod  of  this  piston  is  ^tfa 
-~~~         inch  in  area  (under  ordinary  circumstaDces)  and  is  op«i  to  the  pessure 
of  the  powder  gas ;  a  smaU  brass  cup,  or  gas  check,  D,  being  inserted 
to  jwevent  the  gas  from  penetrating  past  tne  pistoB, 
ComwT  The  gauge  is  used  as  follows  : — A  hole  is  bored  in  the  gnn  in  the 

erw£en  uwd.  required  position  (see  plate  D.),  into  which  the  gauge  is  screwed  until 
the  eed  of  the  plug  is  flush  with  the  surfaoe  of  the  bore.  On  the  ex- 
plosion of  the  charge,  the  copper  cylinder  is  crushed  between  the  piston 
and  the  anvil,  and  the  amoimt  of  compresBion  is  an  indication  of  the 
pressure  exerted  by  the  gas  at  that  point.  The  actual  pressure  corre- 
sponding to  any  given  compression  of  the  cmsher  cylinder  is  arrived  at 
by  compressing  a  series  of  similar  copper  cylinders  in  the  statical  testing- 
machine  in  the  Royal  Gun  Factories,  and  tabulating  the  results. 

Tbe  compression  of  the  cylinder  in  the  crusher  gauge  is  ascertiuned 
by  removing  the  plug  from  the  gun,  taking  out  the  cylinder,  and 
measuring  its  length  by  means  of  a  micrometer.  A  reference  to  the 
tabulated  results  above  mentioned,  gives  the  pressure  in  tons  on  the 
square  inch. 

When  it  is  not  considered  advisable  to  bore  holes  for  the  gauges  in 
service  gnns,  tbe  pressure  has  been  obtained  at  three  points — viz.  (]) 
by  a  crusher  in  the  base  of  the  projectile,  (2)  by  a  copper  cup,  in  which 
a  gauge  is  fastened,  at  the  end  of  tne  bore,  (3)  by  inserting  a  gauge  in 
the  vent  bush  hole,  and  firing  the  gun  by  electricity,  wires  being  p^sed 
down  the  bore  from  the  muzzle  to  the  cartridge.  By  this  means  the 
pressure  is  approximately  arrived  at ;  but  since  the  copper  cup  is  liable 
to  a  certain  amount  of  motion,  the  record  given  by  the  gauge  inserted 
in  it  is  not  always  rehable.  The  pressure  recorded  by  the  gauge  in  the 
base  of  the  projectile,  when  charges  of  powder  suitable  to  the  calibre  of 
the  gnn  are  employed,  is  always  somewhat  less  than  the  maximum 
pressure  in  the  powd^  chamber  as  shown  by  tbe  other  gauges.* 

To  give  some  idea  of  the  pressures  recorded  by  the  gauzes  in  a  large 
gnn,  the  following  table  is  extracted  from  the  Report  of  toe  Committee 
Q  Explosives  on  the  88-ton  12'5-iii.  gun. 


fii^iilBri^  of 


Tablb  showing  the  Pressubss  recorded  by  the  Cbcshkb  Gauqeb 
in  the  Bore  of  the  12-5-in.  (38-ton)  Gun. 
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IW  IbL  Dt  I'T-ln.  800  lb. 
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110  ItH.    ot   J-in,    800  lb. 
sjUudn,  vim  eu  ckeck. 
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I'B 

1-S 

■  -1 

2< 

1-0 

21 

1-1 
IT 

I-l 

1-s 

18 

1'9 

I -5 

OT 
10 

lit 

.... 

*  Thit  ii  pTobablj  doe  to  the  fact  tliat  the  iii«rU»  of  thealiot  ii  orenxune,  and  it 
t&erefore  begins  to  more,  before  the  maiimum  prauure  ii  nached,  and,  being  id 
motion,  the  gauge  i*  not  influenced  to  tlie  nme  extent  u  thoie  that  are  fixed  in  Itia 
mill  ot  the  gim. 
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CHAP.  xnr. 

Mecisuring  Pressure  ly  use  of  the  Chratiosccpe.*  *""" 

Meftsnring 

The  instrument  (vide  plate  p.  344)  used  for  measiuring  the  velocity  at  pressure  by 
very  small  intervals  along  the  bore  is  the  Noble  chronoscope.t    It  means  of 
enables  us  to  measure  the  time  taken  by  the  shot  in  passing  over  certain  ^^^"^'^oscope, 
small  successive  spaces  in  the  bore  of  the  gun,  and  calcdating  there- 
from the  velocity  of  the  shot  in  passing  over  each  small  space,  and 
ultimately  the  mean  pressure  acting  on  it  through  this  space. 

The  principle  of  action  consists  in  registering,  by  means  of  electric 
currents  upon  a  recording  surface  travelhng  at  a  uniform  and  very  high 
speed,  the  precise  instant  at  which  a  shot  passes  certain  defined  points 
in  the  bore. 

It  consists  of  two  portions — ^firstly,  the  mechanical  arrangement  for 
obtaining  the  necessary  speed  and  keeping  that  speed  uniform ;  secondly, 
the  electrical  recording  arrangement. 

The  first  part  of  the  instrument  consists  of  a  series  of  thin  metal 
discs,  AA  (in  fig.  1),  each  36  ins.  in  circumference,  fixed  at  inter- 
vals upon  a  horizontal  shaft,  SS,  which  is  driven  at  a  high  speed  by  a 
heavy  descending  weight  acting  on  a  chain,  B,  aiTanged  according  to  a 
plan  originally  proposed  by  Huyghens,  through  a  train  of  gearing,  JP, 
mutiplying  200  times. 

The  modus  operandi  is  as  foUows: — ^When  the  requisite  speed  of 
rotation  has  been  attained,  the  stop  dock  is  connected  with  the  shaft 
Ey  and  the  time  occupied  by  ihe  wheel,  F,  in  making  five  revolutions — 
that,  is,  the  time  occupied  by  thediscs,  A^  in  making  1000  revolutions— 
is  recorded. 

After  the  wheel,  JT,  has  made  one  revolution,  unconnected  with  the 
clock,  the  time  of  making  1,000  revolutions  is  again  observed,  and  iu 
the  middle  of  this  observation  the  gun  is  fired. 

After  the  wheel,  F,  has  again  made  one  revolution,  the  time  of  1,000> 
revolutions  is  once  more  recorded,  and  the  instrument  is  stopped. 

The  arrangements  for  obtaining  the  electrical  records  are  as  follow : — 
The  edges  of  >  the  revolving  discs  are  covered  with  smoke  by  means  of 
an  oil  lamp,  and  are  connected  with  one  of  the  secondary  wires,  G 
(Fig.  1)  of  an  induction  coil.  The  other  secondary  mre,  Hy  carefully 
ii^sulated,  is  brought  to  a  discharger,  F,  opposite  the  edge  of  its  corre- 
sponding disc,  and  is  fixed  so  as  to  be  just  clear  of  the  latter. 

When  a  spark  passes  from  the  discharger  to  the  disc,  a  minute 
portion  of  the  lamp-black  is  burnt  away  upon  that  part  of  the  disc  which 
was  opposite  to  the  discharge  at  the  instant  of  the  passage  of  the  spark. 
A  distinct  spot  is  left  on  the  blackened  disc,  the  lamp-black  at  that  point 
having  been  burnt  away  by  the  spark,  so  that  the  vessel  is  shown 
beneath. 


*  The  following  deecriptibn  is  taken  from  the  first  Progress  Report  of  the  Com* 
mittee  on  Explosiyes,  dated  February  1870,  as  modified  by  Captain  Jones,  B.A. 

t  The  inyention  of  Captain  A.  Noble,  F.B.S.,  late  B,A. 

The  precise  rate  of  the  discs  is  ascertained  bj  means  of  the  stop  clock,  2>,  which 
can,  at  pleasure,  be  connected  or  disconnected  with  the  revolving  shaft,  S  (Fig.  1), 
and  the  time  of  making  an j  nmnber  of  rerolutions  of  this  shaft  can  be  recorded  with 
aoonracj  to  the  one-tenth  part  of  a  second. 

The  speed  usually  attained  in  working  the  instrument  is  about  1,100  ins.  per  second 
linear  Telocity  at  the  circumference  of  the  reyolying  discs,  so  that  each  inch  travelled 
at  that  speed  represents  somewhat  less  than  the  one-thousandth  part  of  a  second ;  and 
as  the  inch  is  subdivided  by  the  vernier,  V,  into  a  thousand  parts,  a  linear  representa- 
tion, at  the  circumference,  is  thus  obtained  of  intervals  of  time  as  minute  as  the  one- 
millionth  part  of  a  second* 
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Nan. — To  aroid  com|dication  only  one  iutoctioD  coil  And  cell  U  shown,  s  otll  uid 
ooil  bnna  reqnifcd  for  mch  diic. 
The  hondwheel  ahoin]  in  ii'igs.  1  and  2  has  t>«en  replaced  bj  >  lerer. 
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The  mode  of  ccxmecting'  the  primary  wires  of  the  ioductJon  coils  with  OHAP<  XIII. 
the  bore  of  the  gaa  ia  such  a  mamier  that  the  shot,  in  paaaiug  a  defined  '~^ 

poiQt,ahall  sever  the  primary  curreat,  and  thereby  produce  a  epark 
from  the  secondary,  is  shown  in  the  diagram  above,  which  repi'esent  a 
longitudinal  and  a  traasverse  section  of  the  bore,  B,  of  the  gan,  along 
which  the  shot  A,  is  moving'. 

A  hollow  plug,  C,  is  screwed  in  to  the  gun,  carrying  at  the  end  next  Cutting  {dugs, 
the  bore  a  cutter,  D,  which  projects  slightly  into  the  bore.    The  cutter 
is  held  is  this  position  by  the  primary  wire,  e,  which  passes  in  at  one 


Fig.  1. 


''T€<^. 


rigiS. 


^^^  5^^^ 
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GSAF.  xm.  side  of  the  plug,  C,  then  throngh  a  hole  in  the  cntter,  D,  and  out  again 

at  the  other  side  of  the  ping.    The  two  ends  of  this  wire  are  connected 

with  the  main  wires  leading  to  the  instroment  when  the  plug^  have 
been  fixed  in  this  gun. 

When  the  shot,  Aj  is  fired,  it  presses  the  cntter  into  the  second 
position  as  shown  in  the  figure,  thereby  severing  the  primary  wire,  and 
causing  the  induced  spark  instantaneously  to  pass  from  the  discharger 
to  the  disc,  its  passage  being  marked  by  the  spot  left  upon  the  edge  as 
already  doBcribed.  To  prevent  a  possibility  of  the  cutter  being  forced 
down  by  any  gas  that  may  escape  past  the  projectile,  a  safety  pin,  / 
secures  the  cutter  firmly  in  its  {dace.  This  suety  pin  is  cut  simiU- 
taneously  with  the  primary  wire. 

The  mode  of  reading  the  observations  is  as  follows: — ^After  an 
experiment  has  been  made,  and  the  series  of  sparks  has  been  found  on 
the  discs,  the  mark  on  No.  1  disc  is,  by  means  of  a  micrometer  screw 
brought  precisely  opposite  to  the  point  of  the  discharger :  the  vernier 
Vy  is  then  attached  to  the  extremity  of  the  shaft,  S,  is  firmly  fixed 
there,  and  is  set  at  zero. 

The  spark  of  No.  2  disc  is  then  brought  precisely  opposite  to  its 
discharger,  the  vernier  reading  is  recorded,  and  so  with  the  other  discs 
in  succession. 

From  these  data  are  deduced,  by  correction  and  interpolation,  the 
times  occupied  by  the  shot  in  passing  over  each  two  hundredth  (7^)  of 
a  foot.  From  the  differences  of  these  times  are  calculated  the  mean 
velocities  over  each  of  these  minute  spaces,  and  from  the  velocities  the 
mean  pressures  necessary  to  produce  them  are  obtained.  These  cal* 
culations  are  extremely  laborious. 


Experimental  Oun  prqxxredjar  Crusher  and  Cutter  Plugs. 

The  gun  shown  in  plate  D.  is  an  18-ton  10-in.  rifled  M.L.  gun,  having 
a  length  of  bore  of  145*5  ins. 

It  was  tapped  at  three  places  in  the  powder  chamber  to  receive 
crusher  gauges.  These  holes  could  be  dosed  with  solid  plugs  when  not 
required.  The  cutting  plugs  belonging  to  the  chronosoope  were  18  in 
number,  and  were  fitted  into  holes  at  various  intervals  along  the  bore, 
as  shown  in  the  plate.  When  not  required  for  the  chronoscope  these 
holes  could  be  used  for  crusher  gauges,  or  were  closed  with  solid  plugs. 
The  projectiles  used  in  these  and  similar  experiments  -are  cast  iron 
cylinders,  having  a  windage  of  only  0*01  in. 

After  the  discharge,  the  coppers  are  taken  from  the  crushers, 
stamped  with  the  number  of  the  round,  and  the  measurements  re- 
corded. 

We  can  employ  with  great  advantage  the  data  obtained  as  above, 
with  regard  to  the  pressure  at  different  points  of  the  bore,  when  work- 
ing out  the  details  of  construction  of  a  new  gun  as  to  the  necessary 
thickness  of  metal  in  the  several  parts — For  this  purpose  the  Table  p. 
is  given — This  table  extracted  from  Captain  Noble's  work  has  been 
compiled  from  such  results,  and  enables  us  at  once  to  see  what  pres- 
sure the  walls  of  the  bore  will  have  to  withstand  at  different  points 
along  its  length,  when  we  know  the  proposed  charge — Given  ihe  charge 
we  can  readily  determine  its  density  at  any  point,  and  thence  by  means 
of  the  table  the  corresponding  pressure — We  so  arrive  at  an  approxi- 
mation as  to  the  thickness  of  metal  to  be  given. 


€1  BUS  as 

for 
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Pressure  on  Orooves. 

As  regards  the  pressure  upon  the  grooves  of  the  gau  or  projectile,  it 
has  been  abeady  shown,  p.  42,  that,  with  our  system  of  riuing,  this 
will  vary  directly  with  the  pressure  on  the  walls  of  the  bore  if  the  twist 
be  uniform,  and  if  the  twist  be  increasing  it  will  also  be  in  a  certain 
direct  relation  to  the  pressure ;  it  is  therefore  a  matter  of  simple  calcu- 
lation to  find  what  this  pressure  on  the  grooves  is  when  we  have,  by 
the  methods  described,  found  the  amount  of  pressure  in  the  bore  of  the 
gun  itself. 
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CHAP.  xra.  TABLE  XXXIV. 

Table  of  Velocities  of  Pbojectiles  fired  with  Batterixg  Cuabges 
of  P.  Powder  from  Heavy  Kifled  M.L.  Guns.* 


[ 

j            -inch 

-Inch 

17-72-inch 

16-lneh 

12*&-inch 

12-inch 

1   BJi.L.«r 

BJf.L.of 

BJC.L.  of 

RM.h,fd 

BJE.L.of 

X.M.L.of 

toni. 

tonf. 

100  tou. 

80  tona. 

38  tona. 

S6  tons. 

Charge, 

Chftrgv, 

Chayge, 

Charge, 

ChaTga, 

Charge, 

Bange. 

ttM. 

lbs. 

Iba. 

426  Um.  F*. 

ISO  IbB.  F*. 

110  lb«,  P». 

Bange. 

ProJectQe, 

Projactile, 

Projecttle, 

Prc^ectile, 

Projectile, 

Projectile, 

IbB. 

lbs. 

Iba. 

VOOlba. 

100  Ihi. 

6aoifaa. 

• 

y&ladty. 

Yelodtgr. 

Yalodtf. 

Velocity. 

VelocUjr. 

Veh>d^. 

jards. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

yards. 

0 

1,520 

1,425 

1,300 

0 

100 

1,610 

1,413 

1,289 

100 

200 

1,500 

1,401 

1,278 

200 

300 

1,490 

1,389 

1,267 

800 

400 

1,480 

1,377 

1,256 

400 

500 

1,470 

1,365 

1,246 

500 

600 

1,460 

1,354 

1,236 

600 

700 

1,450 

1,343 

1,226 

700 

800 

1,440 

1,332 

1,216 

800 

900 

1,431 

1,321 

1,206 

900 

1,000 

1,432 

1,810 

1,196 

1,000 

1,100 

1,413 

1,299 

1,186 

1,100 

1,200 

1,404 

1,288 

1,175 

1,200 

1,800 

1,395 

1,277 

1,167 

1,800 

1,400 

1,386 

1,267 

1,158 

1.400 

1,500 

1,377 

1,257 

1,149 

1,500 

1,600 

1,368 

1,247 

1,140 

1,600 

1,700 

1,359 

1,237 

1,132 

1,700 

1,800 

1,350 

1,227 

1,124 

1,800 

1,900 

1,341 

1,218 

1,116 

1,900 

2,000 

1,332 

1,209  • 

1,108 

2,000 

2,100 

1,323 

1,200 

1,100 

2,100 

2,200 

1,315 

1,191 

1,092 

2,200 

2,300 

1,307 

1,182 

1,084 

2,300 

2,400 

1,299 

1.173 

1,077 

2,400 

2,500 

1,291 

1,164 

1,070 

2,500 

2,600 

1,283 

1,155 

1,063 

2,600 

2,700 

1,275 

1,147 

1,056 

2,700 

2,800 

1,267 

1,139 

1,019 

2,800 

2,900 

1,259 

1,181 

1,043 

2,900 

8/X)0 

1,251 

1,123 

1,037 

3,000 

8,100 

1,248 

1,115 

1,031 

8,100 

8,200 

1,235 

1,107      ^ 

1,025 

3,200 

8,800 

1,228 

1,099 

1,020 

3,300 

8,400 

1,221 

1,092 

1,015 

3,400 

8,500 

1,214 

1,085 

1,010 

3,500 

8,600 

1,207 

1,078 

1,005 

3,600 

8,700 

1,200 

1,071 

1,000 

3,700 

8,800 

1,198 

1,064 

995 

8,800 

8,900 

1,186 

1,058 

991 

3,900 

4,000 

1,179 

1,052 

987 

4,000 

4,100 

1,172 

1,046 

983 

4,100 

4,200 

1,165 

1,040 

979 

4,200 

4,300 

1,158 

1,034 

975 

4,300 

4,400 

1,151 

1,029 

971 

4,400 

4,500 

1,145 

1,024 

967 

4,500 

.  4,600 

1,139 

1,019 

963 

4,600 

4,700 

1,133 

1,014 

959 

4,700 

4,800 

1,127 

1,009 

955 

4,800 

*  Caleulato  J  by  Pivfeasor  Bashforth'e  formula. 
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Table  XXXIV. — Velocitisb  of  Projectiles — continued.        CHAP.  XIII. 


12-inch 

11-inch 

10-inch 

9-inch 

fi-faMfa      ' 

7-inoh 

B.H.L.  of 

B.H.L.  of 

B.H.L.  of 

B.H.L.  of 

B  II,L.  of 

B.1I.L  of 

25  tons. 

25  tarns. 

18  torn. 

12  tons. 

9  tons. 

6itons, 

Bang*. 

Charge, 

Charge, 

Charge, 

Charge, 

Charge, 
80  lbs.  P. 

Bange. 

66  IbB.  P. 

85  Mm.  P. 

70  lU.  P. 

50  lbs.  P. 

85  lbs.  P. 

Projectile, 

Pn^otUe. 

PrqJecUle, 

Prq^cottte, 

ProjeotOs, 

Projectile, 

600  Ibt. 

686  lbs. 

400  lbs. 

250  lbs. 

180  lbs. 

115  lbs. 

Vdodtjr. 

Yeloci^. 

Velod^. 

Velodiy. 

Velocity. 

Velocity. 

yards. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

yards. 

0 

1^00 

1,816 

1,364 

1,420 

l,4iL8 

1,525 

0 

100 

1,286 

1,802 

1,350 

1,399 

1,391 

1,496 

100 

aoo 

1,273 

1,289 

1,336 

1,379 

1,369 

1,467 

200 

800 

1,260 

1,277 

1,322 

1,360 

1,348 

1,488 

300 

400 

1,248 

1,266 

1,308 

1,341 

1,327 

1,409 

400 

500 

1,236 

1,258 

1,294 

1,822 

1,306 

1,882 

500 

600 

1,224 

1,242 

1,280 

1,304 

1,286 

1,856 

600 

700 

1,212 

1,231 

1,267 

1,277 

1,267 

1,881 

700 

800 

1,201 

1,22D 

1,254 

1,290 

1,248 

1,317 

800 

900 

1,190 

1,209 

1,241 

i,a5W 

1,230 

1,284 

900 

1,000 

1,179 

1,199 

1,228 

1,236 

1,213 

1,261 

1,000 

1,100 

1,168 

1,189 

1,216 

1,220 

1,196  • 

1,289 

1,100 

1,200 

1,157 

1,179 

1,204 

1,204 

1,180 

1,217 

1,200 

1,300 

1,147 

1,169 

1,192 

1,189 

1,165 

1,197 

1,300 

1,400 

1,137 

1,159 

1,181 

1,174 

1,160 

1,177 

1,400 

1,500 

1,127 

1,140 

1,170 

1,160 

1,186 

1,138 

1,500 

1,600 

1,118 

1,139 

1,159 

1,147 

1,122 

1,141 

1,600 

1,700 

1,109 

1,130 

1,148 

1,134 

1,109 

1,124 

1,700 

1,800 

l,M)i 

1,122 

1,138 

1,121 

1,097 

1,108 

1,800 

1,900 

1,098 

1,114 

1,128 

1,109 

1,085 

1,093 

1,900 

2,000 

1,086 

1,106 

1,118 

1,097 

1,074 

1,078 

2,000 

2,100 

1,077 

1,098 

1,108 

1,086 

1,068 

1,005 

2,100 

2,200 

1,069 

1,090 

1,099 

1,075 

1,052 

1,053 

2,200 

2,800 

1,062 

1,082 

1,090 

1,065 

1,042 

1,041 

2,300 

2,400 

1,055 

1,075 

1,082 

1,055 

1,082 

1,080 

2,400 

2,500 

1,048 

1,068 

1,074 

1,046 

1,023 

1,019 

2,500 

2,600 

1,041 

1,061 

1,066 

1,037 

1,014 

1,009 

2,600 

2,700 

1,084 

1,054 

1,059 

1,028 

1,005 

999 

2,700 

2,800 

1,028 

1,048 

1.052 

1,020 

996 

990 

2,800 

2,900 

1,022 

1,042 

1,045 

1,012 

988 

982 

2,900 

8,000 

1,016 

1,006 

1,'088 

1,^04 

980 

974 

8,000 

8,100 

1,010 

1,030 

1,031 

997 

872 

967 

8,100 

8,200 

1,004 

1,024 

1,025 

990 

«B6 

960 

3,200 

8,800 

AAO 

1,018 

l,-0i9 

957 

958 

8,300 

8,400 

993 

1,012 

1,013 

978 

949 

916 

3,400 

8,500 

988 

1,007 

1,007 

972 

942 

989 

3,500 

8,600 

984 

1,002 

1,002 

•    966 

985 

932 

8,600 

8,700 

v93 

TWO 

997 

928 

926 

3,700 

8,800 

976 

994 

992 

955 

921 

919 

8,800 

8,900 

972 

990 

987 

950 

914 

913 

8,900 

4p000 

968 

986 

982 

946 

907 

907 

4,000 

4,100 

964 

982 

977 

940 

900 

90i 

4,100 

4,200 

960 

978 

972 

935 

894 

895 

4,200 

MOO 

956 

974 

967 

980 

888 

889 

4,300 

4,400 

952 

970 

963 

925 

882 

884 

4,400 

4,500 

948 

958 

920 

876 

879 

4,500 

4,600 

944 

962 

954 

915 

890 

874 

4,600 

4»700 

940 

966 

960 

910 

864 

869 

4,700 
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955 
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TAbLifi  J 

IJLXVll. 

CHAP.  XIII. 

Table  of  Pressures^  actually  found  to  exist  in  the  Bores  of 

Guns  with  Pebble  or  P*.  Powder,  in  terms  of  density. 

Uean  density 

Pressures 

DifTeronce  in 

tons  ai"  *01 

Mean  density 

Pressures 

DlfTerent^e  in 

of  products 

observed— Tons 

of  products 

observed— Tons 

tons  "-  *01 

of 
combos  tion. 

^X*" 

density. 

of 
combustion. 

per  square 
inch. 

density. 

•90 

20-35 

•35 

•60 

1133 

•20 

•88 

19-65 

•84 

•58 

10-81 

•25 

•86 

18-87 

•34 

•56 

1031 

•24 

•86 

18-63 

•83 

•55 

1007 

•24 

•84 

17-97 

•32 

•54 

9-59 

-24 

•82 

17-33 

•32 

•52 

911 

-24 

•80 

1701 

•31 

•50 

8-87 

•23 

•78 

16-39 

•31 

•48 

841 

•23 

•      76 

15-78 

•30 

•46 

7-95 

•22 

•75 

15-48 

-30 

•45 

773 

•22 

•74 

14-88 

■29 

•44 

7-29 

•22 

•72 

14-31 

•28 

•42 

7-86 

•21 

•70 

1403 

•28 

•40 

665 

•21 

•68 

13-47 

•28 

•38 

6-21 

•21 

•66 

12-92 

•27 

•35 

5-63 

•19 

•65 

1265 

•27 

•30 

4-67 

•18 

•64 

1211 

•26 

•25 

377 

•62 

1159 

'26 

■ 

Extracted  from  work  by  Captain  Noble,  F.R.S.  and  Mr.  F.  Abel,  C.B.,  F.R.S. 

on  Fired  Gunpowder. 

TABLE  XXXVIIa. 
Table  of  Densities  and  Volumes  of  Charges  referred  to  cubic  incbes 
of  space  per  pound  of  powder. 


Cubic  ins. 
per  lb. 

Densities. 

Volumes. 

Cubic  ins. 
per  lb. 

Densities. 

Volumes. 

Cubic  inf). 
per  lb. 

Densities. 

Volumes. 

20 

1-386 

•721 

32 

•866 

1155 

45 

•616 

1-623 

21 

1-320 

•757 

33 

•840 

1190 

46 

•603 

1-658 

22 

1-260 

•794 

34 

'816 

1-225 

47 

-590 

1-695 

23 

1-206 

•829 

35 

•792 

1-263 

48 

•578 

1-730 

24 

1165 

•866 

36 

•770 

1-299 

49 

•566 

1-767 

25 

1-109 

•902 

37 

•749 

1-335 

50 

-554 

1-805 

26 

1-066 

•938 

38 

•730 

1370 

51 

•544 

1-838 

27 

1027 

•974 

39 

•711 

1-406 

52 

•533 

1-876 

27-73 

1000 

1.000 

40 

•693 

1-443 

53 

•523 

1-912 

28 

•990 

1.010 

41 

•676 

1-479 

54 

•513 

1-949 

29 

•956 

1046 

42 

•660 

1-515 

55-46 

-500 

2000 

80 

•924 

1082 

43 

•645 

1-550 

31 

•894 

1118 

44 

•630 

1-587 
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CHAPTER  Xni.— NOTE  I. 


Theoretical  determination  of  M,V.  ^c,  By  Captain  A.  Noble^s  Tables, 


Calculation  of 

theoretical 

work. 


Definition  of 
Factor  of 
effect. 


F.E.  incrcaseB 
from  small  to 
large  guns. 

Examples  of 
use  of  tables. 

(1.)  To  deter- 
mine M.V. 


"  From  Table  XXXYIII  we  can  at  once  ascertain  what  is  the  maximnm  work 
to  be  obtained  with  any  giren  gim  and  charge  of  powder  of  the  same  description  as 
our  service  powders. 

"  To  make  use  of  the  table  we  hare  only  to  find  the  volume  occupied  bj  the 
charge  (grayimctric  density  »!),*  and  the  number  of  times  this  volume  is  contained 
in  the  bore  of  the  gun.  The  total  work  per  pound  which  the  powder  is  capable  of 
performing  during  the  given  expansion  is  then  taken  from  the  table  ;  and  this  work 
being  multiplied  by  the  number  of  pounds  in  the  charge  gives  the  total  maximum 
work.  Thus,  for  example,  an  18-ton  10-inch  gun,  a  charge  of  70  lbs.  pebble  powder 
is  fired,  and  we  wish  to  know  what  is  the  maximum  work  that  the  charge  is  capable 
of  performing.  We  readily  find  that  the  length  of  the  gun  is  such  that  volume  of 
bore  » 17  — 5*867  vols.  ^  and  from  the  table  we  find  that  89*4  foot-tons  is  the  ma^- 
mum  work  per  pound ;  multiplying  by  the  number  of  pounds  we  find  that  6258  foot- 
tons  is  the  maximum  work  which  vie  whole  charge  is  capable  of  performing. 

"  As  a  matter  of  course,  this  maximum  effect  is  only  approximated  to,  not  attained ; 
and  for  actual  use  it  would  be  necessary  to  multiply  the  work  so  calcmlated  by  a 
factor  dependent  upon  the  nature  of  the  powder,  the  mode  of  firing  it,  the  weight  of 
the  shot,  &c. ;  but  in  service  powders  fired  under  the  same  circumstances  the  factor 
will  not  vary  much.  In  the  experimental  powders  used  by  the  Committee  on  Ex- 
plosives there  were,  it  is  true,  very  considerable  differences,  the  Work  realized  in  the 
same  gun  varying  from  56  foot- tons  to  86  foot-tons  per  pound  of  powder ;  but  with 
service  powders  nred  under  like  conditions  this  great  difference  does  not  exist." 

Table  XXXIX  has  been  calculated  (by  Ciiptain  Noble)  from  the  above  data, 
and  shows  : — ^First,  the  total  work  realized  per  pound  of  powder  burned  for  every 
gun,  charge,  and  description  of  powder  in  the  Enghsh  service.  Secondly,  the  maxi- 
mum theoretic  work  per  pound  of  powder  it  woiUd  be  possible  to  realize  with  each 
gun  and  charge  ;  and  thirdly,  t^e  factor  of  effect  Tidth  each  gun  and  charge,  that  is, 
the  per-centage  of  the  maximum  effect  actually  realized. 

If  the  factors  of  effect  be  examined  it  will  be  observed  how,  in  spite  of  the  use  of 
slow  burning  and  therefore  uneconomical  powders  in  the  large  guns,  the  per-centages 
realized  gradually  increase  as  we  pass  from  the  smallest  to  the  largest  gun  in  our 
table  ;  the  highest  factor  being  93  per  cent,  in  the  case  of  a  88-ton  gun,  the  lowest 
being  50 -5  per  cent,  in  the  case  of  the  little  Abyssinian  gun:  this  diifferenoe  in 
effect  is  no  doubt  in  great  meas^ure  due  to  the  communication  of  heat  to  the  bore  of 
the  gun. 

As  an  example  to  show  how  these  tables  can  be  utilized,  wo  will  take  the  case  of 
a  10-inch  B.M.L.  gun  and  oomnikre  its  actual  M.y.  as  determined  by  experiment 
with  the  results  given  by  the  tables. 

This  experimental  10-inch  gun  had  a  length  of  bore  of  1-15"  and  its  charge  was 
70  lbs.  of  P.  powder,  while  the  shot  weighed  300  lbs.  and  the  M.Y.  obtained  was 
1527  f  .s. 

We  shall  find  that  the  number  of  volumes  of  expansion  in  the  bore  of  the  charge 
(gravimetric  density  =  1)  will  be  5*867,  and  looking  at  the  table  we  see  that  the 
corresponding  total  work  is  6258  foot-tons ;  this  lias  to  bo  multiplied  by  the  factor 
of  effect  (depending  on  the  nature  of  powder  and  weight  of  shot),  which  in  this  case 
is  0  -7796.     And^258  x  0  7796  gives  us  W=total  work  realized 

=4880  foot-tons ; 


•  i.e.,  When  a  pound  of  powder  is  taken  as  occupying  a  space  of  27  '7  cubic  inches. 
+  For  length  of  bore =146  inches  : 

•/  If  V  =  volume  of  bore        =145  x  25 jt 

r*  =        „        charge  (70  lbs.)  =  70  x  27  7 

Thenr  =5-867©* 
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rabrtJtute  thia  in  equation  CHAP.  XIIL 

W^  -    ifhenB  «— pNjectQB,  in  Iba. 

-M.V.  i   

x4860)«8a*Q 


?^  v^^ 


d  Are  a  400  lb.  projeotile  irith  a  ctutrge  (^  100  lb*.  P.  powder — 
ThMKtkkl  work,  tlu)  botw  of  effect  bong  -saS-^-S 


TABLK  VXyviTTi 

GiTiDg  Total  Work  in  Foot-Tona,  per  lb.  of  Powder  bvrQt,  whicli  Gun- 
powder  is  capable  of  performing  in  the  bore  of  a  gim,  in  terms  of 
the  Mnrober  of  Expanaions  of  the  Charge.*f 


:    MBmbaraf    I>Mter«i»^°l'°j    Mimlwror    I>"'^™i°*   C^L^    MDntarof   IHSettiica 


,__...  •MbftHKiMpti 
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CHAPTEK  IIIL— NOTE  H. 

Le  Bculeng^  Chnmogrc^h, 
(Vid6  Flatm,  pp.  886-888.) 

The  Le  Bouleng^  chxonognipli  oonsiste  of  a  hollow  brass  oolumn  8^  wbidi  sappocta 
two  electro-magnets.  A,  B,  and  a  small  bracket,  K,  The  column  stands  on  a  tri- 
angnlar  base,  upon  which  la  filed  the  *'  trigger,^*  T,    (Fig.  1,  p.    .) 

The  eleetro-magnet  A,  supports  a  long  cylindrical  rod,  C  (p.  ,  Fig.  1),  sus- 
pended Tertically,  and  called  the  "  chronometer."  This  rod  is  partially  ooyered  with 
two  sine  tubes,  2>,  E,  called  "  regietere." 

The  electro-moffnetf  B,  sustains  a  shorter  rod,  JP  (p.    ),  named  the  "  regietrar?* 

The  "  trigger  "  (p.  ),  consists  of  a  circular  steel  knife,  Q,  fixed  in  a  recess  of  the 
spring;  S,  by  means  of  the  screw,  JT,  which  forms  an  axle  upon  which  it  can  be 
turned  so  as  to  bring  a  fresh  portion  of  the  edge  opposite  the  chronometer. 

The  spring,  S,  can  be  "  cocked,**  or  restrained,  by  means  of  the  catch  on  one  end 
of  the  lever,  I. 

The  other  end  of  this  lerer  carries  a  disc,  O,  fixed  to  a  screw,  by  means  of  which 
it  can  be  raised  or  lowered  as  reqiured. 

This  disc  is  vertically  below  the  registrar  when  suspended  to  its  electro-ma|;net ; 
consequently,  when  the  current  through  the  second  screen  is  brc^en,  the  registnur 
falls  on  the  disc,  and  releases  the  spring,  S, 

The  tube,  L  (p.    ),  retains  the  registrar  after  its  fall. 

If  it  be  required  to  alter  the  time  taken  by  the  registrar  to  release  the  knife,  it  is 
done  by  raising  or  lowering  the  disc  of  the  trigger  by  turning  it  in  the  direction  wUh 
the  tun  to  increase  the  time,  and  agednet  the  ma  to  reduce  it. 

The  screw  has  a  pit(di  of  one  millimetre,  and  the  ciroumf erence  of  the  disc  is 
divided  by  notches  into  10  equal  parts,  in  which  the  paul,  P,  works.  By  this  arrange- 
ment the  disc  can  be  moved  any  required  number  of  tenths  of  a  millimHre  (within 
certain  limits),  and  is  retained  in  the  required  position  by  the  paul. 

The  screw,  M,  passes  through  the  lever,  and  acts  against  the  fulcrum  supporting 
it.  It  is  intended  for  regulating  the  hold  of  .the  catch  of  the  lever  on  the  spring, 
which  should  always  be  as  light  as  possible. 

This  is  regulated  once  for  all ;  but  should  the  spring  at  any  time  show  a  tendency 
to  escape  of  itself,  this  defect  can  be  remedied  by  slightly  withdrawing  the  screw,  Jf. 

The  diejunctor  (p.  837,  Fi^.  2,  is  composed  of  a  mainspring,  t,  carryins  a  cross- 
piece,  «,  covered  vrith  inwilating  materuu,  and  passing  under  the  two  steel  pktes,  q  o^. 
Sy  pressing  the  milled  headed  screw,  s,  the  spring  is  compressed  and  hold  by  the 
catch,  X,  allowing  the  plates,  q  g^,to  come  into  contact  with  the  metal  pins,  r  r%  and 
thus  complete  the  circuits  by  bringing  the  screws,  e  v  and  /  e',  into  oonnexion  with 
one  another.  When  the  catch,  x,  is  pressed,  the  mainspring  being  released,  its  cross- 
piece  strikes  the  two  plates  exactly  at  the  same  instant,  raises  them  from  the  screws, 
and  thus  breaks  both  currents  identically  at  the  same  time. 

The  electro-magnet.  A,  is  macnetised  by  the  current  passing  through  the  first 
screen ;  consequently,  when  the  aoot  cuts  this  screen  the  chronometer  is  released  and 
falls  freely  in  a  vertical  direction. 

The  other  electro-magnet  is  in  the  circuit  through  the  second  screen,  so  that  the 
regietrar  falls  when  this  screen  is  cut,  and  striking  the  disc  on  the  free  end  of  the 
lever  of  the  trigger,  liberates  the  spring,  which  carries  forward  the  knife  until  it  strikes 
the  chronometer  in  its  fall  and  makes  an  indent  in  the  upper  zinc  tube. 

As  stated  above,  if  the  trigger  be  set  in  action  when  the  chronometer  is  at  rest,  a 
mark  will  be  made  by  the  kmfe  on  the  zinc,  which  point  we  will  call  the  "or^n," 
as  it  is  the  zero  point  from  which  the  height  of  fall  of  the  chronometer  must  be  cal- 
culated. 

Let  She  the  height  above  the  origin  of  the  mark  obtained  by  firing  a  projectile 
through  the  ecreenjs.  Since  the  chronometer  follows  the  law  of  the  &11  of  neavy 
bodies. 

wiU  be  the  time  it  WM  in  motum  before  receiving  the  impNaaion.    Kov  f  would  b# 
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the  time  required  bj  the  projectile  to  travene  the  distance  between  the  Bcreens,  Bup-   CSLilP.  XHL 
posing  that  the  chronometer  oommencee  to  fall  the  instant  the  projectile  passes  ■ 

through  the  first  screen,  and  further,  supposing  tliat  it  is  struck  by  the  knife  at  the 
precise  instant  the  shot  cuts  the  second  screen.  But  this  is  not  the  case.  In  fact, 
after  the  rupture  of  the  first  screen,  a  certain  time,  0,  elapses  before  the  electro- 
magnet is  demagnetised  suffidentlj  to  free  the  chronometer ;  the  morement  of  the 
chronometer  ^iU  therefore  be  dehiyed,  and  the  observed  time  consequently  diminished, 
by  the  quantity  9. 

Again,  some  time  elapses  between  the  cutting  of  the  second  screen  and  the  moment 
when  the  knife  reaches  the  chronometer — jiz.,  the  time  required  for  the  following 
operations  :^ 

9^    for  the  demagnetisation  of  the  electro-magnet  supporting  the  legistraz. 
f    for  the  fall  of  the  registrar  to  the  disc  of  the  trigger. 
f   for  the  disengagement  of  the  catch. 

f"  for  the  knife  to  pass  oyer  the  hoiisontal  distance  which  aepazateB  it  from  the 
chronometer. 

Now,  it  is  eyident  that  the  chronometer,  before  it  is  struck  by  the  knife,  will  hare 
been  in  motion  during  the  sum  of  the  above  time  in  addition  to  the  time  taken  by  the 
shot  in  passing  over  tiie  distance  between  the  screens.  Consequentiy,  the  obeeryed 
time  2*  is  too  great  by  the  sum  of  (¥  +  f  +  f'  +  f"),  "We  have  also  shown  above 
that  7^  is  too  small  by  the  quantity  9--4he  time  required  to  demagnetise  the  dirono- 
meter  electro-magnet.  Therefore,  to  asoertain  the  true  time  T,  we  must  deduct  from 
T'  the  quantity  (9' +  f  +  f' +  tf"-$),  which  we  will  call  /. 

We  have  then  T-  T- 1. 

Now,  suppose  I'a'O,  or  in  other  words,  suppose  the  shot  to  cut  both  screens  simul* 
taneously,  then  we  should  have  T'^t,  From  which  it  appears  that  i  would  be  the 
time  recorded  on  the  chronometer  if  both  currents  were  cut  identically  at  the  same 
instant.  This  we  can  do  by  using  the  disjtmctor,  and  we  thus  obtain  a  mark,  on  the 
lower  zinc  tube,  at  a  height  above  the  origin  equal  to  the  space  passed  over  in  the 
time  ty  which  we  call  the  dUfunctor  reading.  The  time  corresponding  to  this 
reading  must  be  deducted  from  the  whole  time  recorded  on  the  chronometer,  to  arrive 
at  the  time  taken  hj  the  shot  to  traverse  the  distance  between  the  screens.  As 
before  stated,  the  disc  of  the  trigger  can  be  raised  or  lowered  so  that  the  disjunctor 
reading  can  be  altered  (if  required)  within  certain  limits,  and  we  can  thus  regulate 
the  instrument  so  that  the  tune  t  shall  have  a  constant  value.  The  value  of  t  for 
which  the  velocity  scale  has  been  calculated  is  0*15  of  a  second,  and  the  height  of 
the  corresponding  mark  above  the  ori£in  is  4i'346  ins.  (110*870  mill.).  Starting 
with  this  assumption,  a  scale  has  been  cfuctdated  for  a  distance  between  the  screen! 
of  120  ft.,  by  means  of  which  the  velocity  of  the  projectile  can  be  at  once  determined 
without  the  aid  of  any  calculation. 

The  method  of  calculating  this  scale  is  as  follows : — 

Suppose  the  shot  to  have  a  velocity  of  1,200  ft.  a  second,  it  would  take  -^^^^=(^'1 
to  traverse  the  distance  between  the  screens. 

The  instrument  will,  therefore,  mark  O''*  15  (disjimctor  reading)  +  O^^'l,  or  0^*25, 
and  the  corresponding  height  of  fall  from  the  origm  will  be 

S^\gT^^^  ^  2'^^  12-07S  ins. 

Converselv,  if  the  mark  on  the  chronometer  is  12*075  ms.  above  the  origin,  wa 
know  that  the  velocity  of  the  projectile  is  120  ft.  a  second ;  the  disjunctor  reading 
being  at  a  height  corresponding  to  Q^'l'S,  and  the  screens  120  ft.  apart. 

This  calculation  has  been  mMe  for  a  series  of  velocities  increasing  from  foot  to  foot 
for  velocities  from  850  to  1,600  feet  a  second,  and  increasing  by  6  Ft.  from  1,500  to 
1,800  feet  a  second,  and  the  oorresponding  heights  engEayed  on  the  aoale 
with  the  instrument. 
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♦  TABLE  XL. 
A  General  Table  of  Vaxues  of  — «  for  Ogival-headed  Shot. 


tv. 

0. 

1. 

2. 

8. 

4. 

6. 

6. 

7. 

a 

e. 

f.s. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

SO 
61 
02 

19604-0 
1H994-6 
18409-2 

19542-0 
18936-1 
18351  -9 

10480-2 
18875-8 
18-294  9 

19418-6 
19816-7 
18238-0 

19357-2 
18757-8 
18181  -3 

19296-1 
18699-1 
18124-8 

19285-2 

18640*7 
18068-5 

19174-6 

18.')82-6 
18012-5 

19114-3 
18.524  -6 
17956-7 

19054-8 
18466-8 
17901-1 

68 
64 
W 

17846-7 
17808-2 
16780-2 

17790-6 
17250-1 
16729-1 

17735-6 
17197-2 
16678-1 

17680-8 
17144-4 
16627-2 

17626-2 
17091 *8 
16576-5 

17571  -9 
17039-4 
16526-0 

17517-8 
16987 -1 
16475  7 

17463  9 
16935-0 
16422-6 

17410-1 
16883-1 
16375-6 

17856-5 
16831-5 
16825-8 

66 
67 

68 

16276  2 
16789*8 
15820-1 

16226-9 
15742-1 
15274  0 

16177-7 
15694  6 
15*2-28  -1 

16128-6 
15617  -2 
15182-3 

16079-6 
15600-0 
15136-7 

16030-8 
15552 -9 
15091-2 

15982  -2 
IJMiOe-O 
1504.J  -9 

15933 -ft 
154.%9  3 

15000-7 

158S5-6 
l.%4r2-7 
14'J55  -7 

16837-6 
15366-8 
14910-9 

69 
60 
61 

14866-2 
14427 -7 
14003-8 

14821 -7 
14384-8 
18961 -7 

14777-8 
14841-9 
13920-2 

14733-1 

14299  1 
13878-9 

14689-0 
14-256-4 
13837-6 

14645-1 
14218-8 
13796-4 

14601 *3 
14171-3 
13755  -3 

14657-7 
141-29-0 
18714-4 

14514*2 

1408G-9 
13673 -7 

14470*8 
14045  0 
13633-2 

62 
63 
64 

18603-8 
18195-2 
12810-2 

18552-4 
18156-1 
12772-8 

18512-2 
13117-8 
12734-6 

13472-1 
13078  5 
12697-0 

13432-2 

13039-8 
12695-5 

13.392-4 
13001  2 
12622  1 

18.352  -7 
12962 -8 
12584-8 

18318-1 
12924-5 
12M7-6 

13273-7 
1-2886-3 
12510-6 

18284*4 
12848-2 
12478-9 

66 
66 
67 

12436-9 
12074-9 
11723  7 

12400-2 
12039  3 
11689-1 

12863-7 
12003-9 
11654-7 

12327-2 

11968-5 
11620-4 

12290-8 
11933-2 
115U6-2 

12254-5 
1IH98-0 
11552-1 

12218-8 
11863-0 
11518-1 

12182-3 
11828-1 
11484-2 

12146*4 
11793-2 
11450-4 

12110*6 
11758*4 
11416-7 

68 
69 
70 

11883-0 
110A2-0 
10730-5 

11349 -4 
11019-4 
10698-9 

11816-0 
10987  -0 
10667-4 

11282-7 
10954-6 
10635-9 

11249-5 
109-22-3 
10604-5 

11216  8 
10890-1 
10573-2 

11188-8 
10857 -9 
10542-0 

11150-4 
108-25-9 
10510-9 

11117-5 
10794-0 
10479*9 

11084*7 
10762-2 
10448-9 

71 
72 
78 

10418-0 

10114-3 

9818-9 

10887-2 

10084 -4 

9789-8 

10356-5 

10054-6 

9760-3 

10326-0 

100-24  9 

9731  -9 

10295-5 
9995-2 
9703-0 

10265-1 
9965-6 
9674-2 

10234-8 
9936-1 
9645-5 

10204-6 
9906-7 
9616-9 

10174-4 
9877-4 
9588-3 

10144-8 
9848-1 
9559-8 

74 
76 

76 

9681-4 
9251-6 
8979-2 

9603-1 
9224-1 
8952-4 

9474-9 
9196-6 
8925-7 

9446-7 
9169-2 
8899-0 

9416-6 
9141  -8 

8d72-3 

9390-6 
9114-5 

8845-7 

9362-6 
9087-3 
8819  -2 

0384*7 
9060-2 
8792-8 

9306*9 
9088*1 
8766-4 

9279*2 
9006*1 

8740*1 

77 
78 
79 

8718-9 
8455-8 
8208-8 

8687-7 
8429-8 
8178-5 

8661*6 
8404-4 
8153-7 

8635-6 
8879-0 
81-29  0 

8600-7 
8353-7 
8104-3 

8583-8 
8328-5 

8079-7 

aws-o 

8303-8 
8055  2 

8.532-8 
8278-2 
8030-8 

Bswa 

8258-2 

8006-4 

8480*9 
8228*2 
7982*0 

80 
81 
82 

7967-7 
7718-0 
7484-2 

7983-5 
7694-4 
7461-1 

7909-8 
7670-8 
7438-1 

7885-2 
7647-3 
7415-1 

7861-1 
7623  -8 
7392-2 

7837-1 

7600-4 
7369-4 

7818-2 
7576-0 
7346-6 

7789*8 
7558-7 
7328-9 

7765-5 
7580-0 
7801  -2 

7741  -7 
7607-8 
7278-6 

88 

84 
86 

7266-0 
7038-4 
6815-8 

7238-5 
7011  -4 
6794-4 

7211  l 
6989  5 
6773-0 

7188-7 
6967  -6 
6751  -6 

7166-3 
6945-8 
6730*3 

7144-0 
69-24-0 
6709  0 

7121  *8 
6902-2 

6687-8 

7099-6 
6880-5 
6666-6 

7077-0' 
68.58*9 
6S45  5 

7005-4 
6837-8 
6624-5 

86 
87 
88 

6603-5 
6395-9 
6193-1 

6582-5 
6375-4 
6173  1 

6561-6 
63.^5-0 
6153-1 

6540-7 
6334-6 
6183-2 

C.519-9 
6314-2 
6113-3 

6499-1 
6293  -9 
6093-4 

6478-4 
6-273-7 
6078-6 

6457-7 
6258-5 
6053  '8 

6437-1 
6-233 -3 
6034-1 

6416*0 
6218  2 
6014*4 

89 
90 
91 

6994-8 
5800-8 
5611-8 

5975  2 
5781 -6 
5593-2 

6965*7 
5762-5 
5674-7 

5986-2 
5748-5 
5556-2 

5916-7 
57-24-5 
6537-7 

5897  -8 
5705-6 
5519  3 

6877-9 
5686-7 
5500-9 

6866-6 
5667*9 
5482-6 

0839-3 
5649*2 
5464-4 

5820-0 
0643-5 
5446-2 

92 
98 
94 

5428-1 
5249-9 
6077-3 

5410-0 
5232-4 
5160  4 

5392.0 
5215-0 
5043-5 

5374-1 
5197  -6 
5026-6 

53.'i6*2 
5180-2 
5009-8 

5338-8 
5162-9 
4993-0 

6320-5 
5145-7 
4976*3 

6302-8 
6128*5 
4959-6 

5285-1 
6111  -4 
4943  0 

6267-5 
5094-8 
49-26-0 

96 
96 
97 

4910*0 
4748-5 
4592-8 

4893-6 
4732  7 
4677 -6 

4877  '8* 

4716-9 

4562-4 

4861-0 
4701  -2 
4547-3 

4844-7 
4685-5 
4532-2 

4828-5 
4669 -9 
4517-2 

4812-4 
4654-4 
4502-8 

4796-8 
4638-9 

4487>*4 

4780-3 
46-23  5 
4472  6 

4764-4 
4608-1 
4407-8 

98 

99 

100 

4448-1 
4299-5 
4162-4 

4428-5 
4-285-4 
4149-1 

4413-9 
4271  -4 
4135-9 

4399-4 
4'257  -5 
41*22  -8 

4384-9 
4248*7 
4109-7 

4370  5 
4230-0 
4096-7 

4856-2 
4216-4 
4088-8 

4842-0 
4202*8 
4070-9 

4327-8 
4189-8 
4058  1 

4318-6 
4175-8 
4045-8 

101 
102 
108 

4032-6 

8909-5 
3795  0 

4020-0 
3897-7 

3784-0 

4007-5 
38S6  -0 
3773-0 

3995-0 
3874-3 
3762-1 

3982*5 

3862-7 
3731  -2 

3970  1 
3851  -2 
3740-4 

8957-8 
3839-8 
8729-6 

8945-6 

8828  -5 
8718  9 

8938-5 
8817-3 
8708  8 

8921-4 
3806-9 
3697*7 

104 
106 
106 

8687-2 
85S5-8 
8491-4 

3676  -8 
3r)76  -1 
34k2'3 

3666-4 
3ftG6-5 
3473  2 

3656  1 
3.'>r>6  9 
3464-2 

3645-8 
3547  -3 
3455  -2 

3635-6 
8537  -8 
3446-3 

8625-5 
3528-4 
3437  -5 

8615-5 
3519-1 
8428-7 

8605-5 
8.509-8 
8419-9 

3595-6 
8500*6 
3411-1 

107 
108 
109 

8402  4 
3317-7 
3236-3 

3393  -8 
3309  T) 
3-i2S  -4 

338')  -2 
3301  -3 
3-2'i0-4 

3376-7 
3293-1 
3212  -5 

3369  1 
8-284-9 
3-204-5 

3359*6 
3276  7 
3196-6 

8351  -2 

3208-6 
3188-7 

3342  -8 
.3260-5 
8180-9 

3334-4 
3252-4 
81731 

3326*0 
8244-3 
8160-3 

*  Taken  from  "  Batliforth's  Modon  of  Projectiles/'  bjr  pcimiaiion. 
V  f  velocity ;  f.s.  s  feet  a  second. 
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V. 

0. 

1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

e. 

f.8. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

uo 
111 

112 

3167  -5 
3080  3 
30061 

8149-7 
3072-8 
2997-7 

3141-9 
3066*2 
2990-3 

3134-2 
3067*6 
2962-9 

3126-5 
3060-1 
2975-5 

3118*7 
3012*5 
2968*1 

8111-0 
8035  0 
2960  8 

3108-3 
3^27-5 
2953-4 

8096*6 
8020  0 
29461 

8087*9 
8012 -U 
2938-7 

113 
114 
116 

2931*4 
2869-4 

2788-8 

2924-1 
2862-3 
2781  -8 

2916-8 
2846  2 
2774*9 

2909-6 
2838  1 
2767  -9 

2902-4 
2831*0 
2761  -0 

2895-2 
2823-9 
2754*0 

2888-1 
2816-9 
2747-1 

2880*9 
2809-8 
2740-2 

2873*7 
2802*8 
2738*3 

2866*6 
2795-8 
2726*5 

116 
117 

118 

2719-6 
2661-7 
2585-2 

2712-8 
2645-0 
2678-6 

2705*9 
2688  8 
2572-1 

26991 
2631-6 
2565-6 

2892-3 
2625-0 
2558-9 

2685  5 
2618-3 
2552-4 

2678*7 
2611-6 
2645-8 

2672-0 
2605*0 
2589-3 

2665-2 
2698*4 
2532-8 

2658-5 
2591-8 
2626*3 

119 
120 

in 

2519-8 
2465  -5 
2392-2 

2513-4 
2449  1 
2386  0 

2606*9 
244-2  -8 
2379-7 

2600-4 
2436-4 
2373-5 

2494-0 
2130 -1 
2367-3 

2487-5 
2423-8 
2361*0 

2481-1 
2417  '4 
2354*8 

2474  -7 
2411*1 
2348-6 

2468-3 
2404*8 
2342-4 

2461-9 
2398-5 
2336-2 

122 
123 
124 

2330-0 
2268-8 
2208-6 

2323-9 
2262-7 
2202-6 

2317-7 
2-i66-7 
2196-7 

2311-6 
2260*7 
2190-7 

2305-5 
2*244-6 
2184-8 

2299-3 
2238-6 
2178-8 

2293  2 
2232*6 
2172-9 

2287-1 
22-26-6 
2166  9 

2281*0 
2200*6 
2161-0 

2274-0 
2214-6 
2155-1 

125 
126 
127 

2149-2 
2090-8 
2033-2 

2143-3 
2085-0 
2027-5 

2187  -5 
2079-2 
2021-8 

2131  -6 
2073-4 
2016-1 

2125-8 
2067-6 
2010-5 

2119-9 
2061-9 
2004-8 

2114*1 
2056-1 
1999-1 

2108*2 
2050*4 
1993-5 

2102*4 
2044-7 
1987-8 

2096-6 
2038-9 
1982-2 

128 
129 

130 

1976-5 
1920-6 
1865-3 

1970-8 
1915  0 

1869-8 

1965-2 
1909-4 
1854-4 

1D69-6 
1903  -9 
1848-9 

1954-0 
1898-4 
1843-5 

1948 -4 
1892-8 
1838-0 

1942-8 
1887  -3 
183*2*6 

1937*2 

1881-8 
18-27-2 

1981*7 
1876-3 
18*21*7 

1926-1 
1870-8 
1816  3 

181 
132 
133 

1810-9 
1767  0 
1703-9 

1805-5 
1761  -7 
1698-6 

1800-1 
1746-3 
1693-4 

1794-7 
1741  0 
1688-1 

1769-3 
1736-7 
1682-9 

1788*9 
1780-4 
1677*6 

1778*5 
17*26-1 
1672*4 

1773-1 
1719-8 
1667-1 

1767-8 
1714-6 
1661-9 

1762*4 
1709*2 
1666*7 

134 
135 
136 

1661 -4 
1699  6 
1648-2 

1646-2 
1594-4 
1543-1 

1641  -0 
1589-2 
1638-0 

1636*8 
1684*1 
1633-0 

1630-6 
1578-9 
1527  -9 

1626*4 
1673*8 
1522-8 

1620-2 
1568-7 
1617-8 

1616  0 
1663-6 
1512-7 

1609-9 
1558-4 
1507 -7 

1604-7 
1663*3 
1502-6 

137 
138 
139 

1497-6 
1447-3 
1397-7 

1492*5 
1442-3 
1392-7 

1487-6 
1437  -3 
1387*8 

1482-5 
1432-4 
1382-9 

1477-4 
1427-4 
1377-9 

1472*4 
1422  4 
1373-0 

1467-4 
1417*5 
1368*1 

1462-8 
1412-6 
1868  1 

1457*8 
1407-6 
1358-2 

1452*3 
1402-6 
1353-3 

140 
141 
142 

1348-4 
1299-5 
1251-1 

1343-5 
1294-7 
1246  3 

1338-6 
1239-8 
1241  -5 

1383*7 
1284*9 
1286-6 

1328-8 
12801 
1231-8 

1828*9 
1275*2 
1227*0 

1819-0 
1270-4 
1222-2 

1814-1 
1266-6 
1217  -4 

1309-3 
1260-8 
1212-6 

1804*4 
1255*9 
1207-8 

148 
144 
145 

1203-0 
1165-4 
1108-0 

1196-2 
1160-7 
1103-8 

1193*4 
1146-9 
109S-6 

1188-7 
1141  -2 
1098-9 

1183-9 
1136*4 
1089-2 

1179*1 
1131-7 
1084*5 

1174*4 
1126-9 
1079-8 

1169-6 
1122-2 
1075-1 

1164-9 
1117-6 
1070*4 

1160*2 
1112*7 
1065-8 

146 
147 
148 

1061-1 

1014-4 

968-0 

1056-4 

1009-8 

963-4 

1051-7 

1005-1 

958-8 

1047-1 

1000-6 

954  1 

1042*4 
906  8 
949*5 

1037-7 
991-2 
944-9 

1033-1 
986-6 
940*8 

1028*4 
981-9 
985-7 

1028*7 
977-8 
981  1 

1019-1 
972-7 
926*5 

149 
160 
151 

921-9 
876-0 
830  4 

917-3 
871-4 
8-^5-9 

912-7 
866-9 
821-8 

908-1 
862-8 
816-8 

903*5 
857-8 
812-2 

898*9 
868-2 
807*7 

894-8 
848*6 
808-2 

889-7 
844-1 
798*6 

885*1 

'839-5 

794*1 

880*6 
835 -0 
789-5 

152 
153 
154 

785  0 
739-7 
694-7 

780-5 
735-2 
690  2 

775-9 
780-7 
685-7 

771-4 
726-2 
681*2 

766-9 
721-7 
676*8 

762-8 
717-2 
672  3 

757-8 
712-7 
667-8 

758-8 
708*2 
668  8 

748-7 
703-7 
658-8 

744-2 
690-2 
654-4 

155 
156 
157 

649-9 
606-3 
560-8 

645-4 
600-8 
556*4 

640-9 
596-4 
651*9 

686-5 
691-9 
547*5 

632*0 
587-5 
648-0 

627*5 
588*0 
588-6 

623*1 
578*6 
584-2 

618-6 
574-1 
629-7 

614*2 
569-7 
525-3 

600*7 
565*2 
520-9 

158 
159 
160 

516-4 
472-3 
428-3 

512*0 

467*9 

'428-9 

507*6 
468-5 
419*5 

608*1 
450-1 
415-1 

498*7 
454-7 
410*7 

484-8 
460-8 
406-4 

489*9 
445-9 
402-0 

485-6 
441-5 
897-6 

481*1 
437*1 
893*2 

476-7 
482-7 
888-9 

161 
162 
163 

884-5 
340-9 
297-4 

880-1 
886*5 
2981 

875-8 
882*2 
288*7 

871-4 
827-8 
284-4 

867*1 
828-5 
280-0 

862-7 
819*1 
275*7 

858-8 

814-8 
271-4 

854  0 
810*4 
287  0 

849*6 
306*1 
282*7 

845-8 
301-7 
258*4 

164 
165 
166 

254-0 
210-9 
168-0 

'249*7 
206*6 
163*7 

245-4 
202-8 
159-5 

241-0 
198*0 
156-2 

286*7 
198-7 
150*9 

232-4 
189-4 
146*7 

2281 
185-1 
142*4 

223*8 
180-8 
188*2 

219-5 
176-5 
184-0 

215*2 
172-8 
129-7 

167 
168 
169 

125-6 
88-3 
41-4 

121*3 
79*1 
87  2 

117-0 
74-9 
88-1 

112*8 
70*7 
28*9 

108-6 
66-5 
24-8 

104*3 
62*3 
20*7 

100-1 

581 

.  16*5 

95*9 
53*9 
12-8 

91-7 

49-8 

8-2 

87-5 

45-6 

4-1 

170 

0-0 

* 
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tv. 

0. 

1. 

a. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 

f.8. 

sect. 

■ecB. 

aecs. 

•ecf. 

MCS. 

aecs. 

MCS. 

sees. 

feci. 

sees. 

61 
«2 

26-9088 
26-8024 
24-1662 

26-8844 
25-1857 
24-0662 

26  2612 
26-0697 
28  9467 

26-1388 
24-9543 
23-8366 

28-0172 
24*8896 
28  7285 

25-8963 
24-7265 
28  6209 

26*7762 
24-6121 
28-6181 

26.6567 
24-4994 
28*4075 

25*6379 
24-3878 
28-8017 

25*4168 
24*27fi» 
28-1966 

6S 
M 
65 

28-0919 
22-0778 
21  1184 

22*9879 
21  -9795 
21-0254 

22-8R45 
21 -8817 
20-9828 

22-7817 
21-7844 
20-8407 

22-6795 
21  -6877 
20-7491 

22-5778 
21 -6916 
20*6660 

22*47<'6 
21*4958 
20-6674 

22*3760 
21-4006 
20-4778 

22*2760 
21-8060 
20-8877 

22-1766 
21  -2119 
20*2966 

66 

67 
68 

20-2100 
19-8489 
18-6820 

20-1218 
19-2658 
18-4527 

20-0841 
19-1821 
18-8738 

19-9468 
19  0994 
18-2962 

19-8600 
19-0171 
18-2170 

19-7787 
18-9362 
18-1892 

19-6879 
18-8687 
18-0619 

19-6025 
18-7728 
17-9849 

19  •6175 
18*6920 
17*9083 

19-4880 
18-6116 
17  6621 

69 

eo 

61 

17-7668 
17 -0190 
16  8176 

17*6809 
16-9474 
16*2494 

17-6069 
16-8761 
16-1815 

17  -6312 
16-8051 
16*1139 

17-4569 
16-7344 
16-0466 

17-8880 
17-6640 
16-9797 

17-8094 
16-9540 
15  9181 

17*2362 
16-6244 
15-8468 

17*1684 
16-4561 
15-7809 

17-0910 
16-8862 
16*7166 

62 
66 
64 

15-6500 
16  0189 
14-4074 

15-58S1 
14 -9520 
14-8483 

15-5204 
14-8908 
14 -2895 

15-4560 
14-8289 
14-2809 

15  8919 
14-7678 
14-1726 

15-8281 
14-7070 
14  1146 

16*2646 
16-6466 
14*0069 

15-2014 
14  6863 
13-9994 

16*1886 
14  6264 
18-9422 

16*0761 
14*4668 
16*8866 

66 
66 
67 

18-8286 
18*2759 
12-7478 

18-7722 
18-2220 
12-6964 

18-7160 
13-1684 
12-6451 

18*6601 
18-1150 
12-5940 

18-6046 
13  0618 
12-5462 

18-6491 
18-0089 
12-4926 

16*4940 
12*9562 
12-4422 

18-4391 
12-9088 
12-8920 

18*8845 
12*8516 
12-8421 

18-8801 
12-7066 
12-2886 

68 
69 
70 

12-2429 
11  -7697 
11-2972 

12-1987 
11  -7125 
11-2520 

12  1447 
11-6656 
11-2070 

12  0958 
11-6188 
11  1622 

12-0471 
11  -5728 
11 -1176 

11-9986 
11*5260 
11-0782 

11*9604 
11 -4799 
11  0290 

11-9025 
11*4840 
10-9650 

11-8647 
11*8862 
10-9412 

11*6071 
11*8428 

71 
72 
78 

10-8540 
10-4291 
10-0216 

10-8107 

10-8875 

9-9816 

10-7675 

10-8461 

9*9420 

10-7246 

10-8049 

9-9025 

10*6819 

10-2689 

9  8682 

10-6894 

10-2282 

9-8241 

10-6970 

10-1824 

9*7861 

10-5548 

10*1421 

9-7462 

10-5127 

10-1018 

9-7075 

10*4708 

10  0616 

9*6666 

74 
78 
76 

9-6805 
9  2650 
8-8941 

9-6922 
9-2188 
8-8588 

9-5541 
9-1817 
8-8286 

9-5162 
9  1463 
8-7866 

9-4784 
9-1090 
6-7587 

9-4408 
9  0728 
6-7189 

9-4084 
9-0368 
8-6843 

9*8661 
9  0009 
8-6498 

9*8289 
8  9662 
8-6156 

9*2919 
8*9288 
6-6816 

77 
78 
79 

8-5472 
8-2186 
7-8926 

8-5188 
6-1809 
7-8612 

8-4796 
8-1484 
7-8299 

8*4458 
8-1160 
7-7987 

8-4122 
8-0887 
7  7676 

8-3788 
8-0516 
7-7866 

8-8455 
8-0196 
7-7068 

8.3123 
7-9876 
7*6751 

8*2793 
7-9668 
7-6445 

8*M64 
7-8241 
7-6189 

80 
81 
82 

7-6635 
7-2859 
6-9990 

7-5532 
7-2667 
6*9709 

7-5231 
7-2276 
6-9429 

7-4881 
7-1086 
6-9150 

7-4631 
7-1698 
6-8871 

7-4883 
7-1411 
6-8594 

7*4086 
7*1126 
6.8818 

7-8741 
7-0840 
6-8048 

7-8446 
7-0666 
6-7769 

7-8152 
7-0272 
6-7466 

88 

84 
86 

6-7224 
6-4557 
6-1988 

6-6968 
6-4296 
6-1781 

6-6683 
6-4086 
6  1480 

6-6414 
6-8776 
6-1229 

6*6146 
6-8517 
6-0979 

6-6678 
6-8259 
6*0780 

6-5612 
6-3002 
6*0482 

6-5847 
6-3746 
6  0236 

6*6083 
6-2481 
6-9990 

6-4619 
6*2286 
6*6746 

86 
87 
88 

5-9499 
6-7099 
6*4781 

6-9255 
5-6864 
6-4668 

5-9012 
5*6629 
6-4886 

5-8770 
5-6396 
6-4100 

5-8529 
5-6162 
5-3876 

6*8289 
6*6980 
6*6661 

6-8049 
5-6699 
6-8428 

6-7810 
5-5468 
6-3206 

6*7672 
6-6288 
5-2983 

6-7886 
5-6006 
6-2762 

89 
90 
91 

6-2641 
5-0876 
4  8286 

6-2821 
6  0168 
4-8082 

6-2102 
4-9952 
4-7878 

5  1884 
4  9741 
4-7675 

5  1666 
4-9581 
4-7473 

6*1449 
4-8821 
4-7272 

6-1238 
4-9112 
4-7072 

6-1018 
4-8904 
4-6878 

6-0808 
4-8697 
4.6674 

6-0666 

4-8461 
4-6tf6 

92 
98 
94 

4-6279 
4-4668 
4-26v6 

4-6068 
4-4165 
4  2826 

4-5888 
4-8978 
4  2147 

4-5698 
4-8791 
41968 

4-5499 
4-3605 
4-1790 

4-6806 
4-8421 
4  1612 

4*6114 
4-8286 
4-1486 

4*4923 
4-8068 

4X260 

4-4732 
4-2870 
4  1085 

4 -4642 
4-2666 

4*0911 

95 
96 

97 

4-0788 
8-9047 
8-7484 

4-0665 
8-8882 

8  ?-:77 

4-0893 
8-8718 
8-7121 

4*0222 
8-8555 
8*6966 

4*0052 
8*8898 
8-6611 

8-0888 

8-8261 
6-6667 

8*9714 

8-8070 
8-6504 

8*9646 
3*7910 
3-6852 

3*8879 

8-n»i 

3-6200 

8-9218 
3-7562 
8*6O40 

98 

99 

100 

8-6899 
8*4444 
8-6070 

8*6750 
8-4308 
8-2887 

8-6602 
8-4168 
8-2806 

8*5465 

8-4024 

.  8-2674 

8-5608 
6-6885 
3-2644 

8*8162 
8-8747 
6-2414 

8-6017 
8-8610 
6-2285 

8 -4878 
8-8474 
3-2167 

8-4729 
3-8889 
3-2080 

8*4586 
8*6294 
8*1964 

101 
102 
108 

8-1778 
3-0567 
2-9486 

8-1668 
8-0461 
2-9828 

8-1529 
8-0686 
2-8220 

8-1406 
8-0220 
2-9113 

8-1284 
8-0196 
2  0007 

8*n68 
2-9992 
2  6909 

8-M42 
2*9879 
2-8798 

8*0922 
2-9767 
2-8684 

8-0803 
2*9666 
2*8691 

6-0686 
28648 
2*8466 

104 
106 
106 

2-8888 
2-7420 
2'6&» 

2*8288 
2-7328 
2-6«7 

2*8188 
2*7236 
2-6851 

2-8089 
2-7144 
2-6266 

2-7991 
2-7068 
2-6162 

2-7894 
2*6968 
2  •6098 

2*7798 
2-6874 
2-6016 

2  7703 
2-6785 
2*0982 

2-7608 
2*6697 
26860 

2*7614 
2-6818 
2-6766 

107 
108 
109 

2*6687 
2*4898 
2-0147 

2-6606 
2-4821 
2-4074 

2*6626 
2-4746 
2-4001 

2-6446 
2-4869 
2  8928 

2-6666 
2-4593 
2*8865 

2*6287 
2*4618 
2*1783 

2*6608 
2-4443 
2-8711 

2-6180 
2-4369 
2-8640 

2*6062 
2  4295 
2-8668 

2-4675 
2-4821 
2*6467 

*  TUcen  from  "  Buhfotth's  Motion  of  Frojectflfs,*'  tar  ptnalnioB. 
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Tablk  XLI. — continued. 


CHAP.  xm. 


V. 
f.s. 

0. 

1. 

• 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 

Bees. 

sees. 

sece. 

ICC8. 

sees. 

sees. 

sees. 

sees. 

BCC9. 

BC08. 

110 
111 
112 

2*8426 
2-2729 
2-2058 

2-3355 
2  2661 
2-1987 

2-3285 
2-2592 
2-1921 

2*3214 
2*2524 
2*1855 

2-3144 
2*2456 
2*1789 

2^8074 
2-2388 
2  1723 

2-3005 
2-2321 
2-1658 

2  2936 
2-2254 
2  1593 

2*2867 
2**2187 
2  1528 

2-2798 
2*2120 
2*1464 

113 
114 
115 

2-1399 
2-0764 
2-0147 

2-1335 
2-0702 
2  0087 

2^1271 
2-0639 
2*0026 

2*1207 
2  0577 
19966 

2*1134 
2  •0515 
1  9905 

2  1079 
2  •0463 
1^9845 

2-1016 
2  0392 
1  -9785 

2*0953 
2-0030 
1  •97-'6 

2*0890 
2-0-269 
1*9667 

2*0827 
2*0208 
1-9607 

116 
117 
118 

1-9548 
1-8966 
1-8399 

1-9489 
1-8909 
1-8348 

1^9431 
1*8852 

1-8287 

1-9372 
1  -8795 
1*8232 

1  •gsu 

1 -8738 
1-8176 

1-9255 
1  -8681 
1  -8121 

1 -9197 
1-86-25 
1-8066 

1-9189 
1*8668 
1-8011 

1-9081 
1*8512 
1-7956 

1-9024 
1*8455 
17901 

119 
120 
121 

1-7847 
1-7309 
1-6784 

1-7792 
1-7266 
1 -6732 

1^7788 
1  -7203 
1-6681 

1 -7684 
1  -7150 
1-6629 

1 -7630 
1-7098 
1*6578 

1  '7576 
1 -7048 
1-6526 

1-7523 
1-6992 
1*6475 

1*7469 
1-6940 
1*64'24 

1 -7416 
1*6888 
1  -6373 

1*7362 
1*6836 
1  *63'23 

122 
128 
124 

1-6272 
1 -5773 
1-5285 

1-6222 
1-5724 
1-6237 

1  ^6172 
1*5675 
1  5189 

1  6121 
1*5626 
1-5141 

1^6071 
1^5577 
1  •5098 

16021 
1*W28 

1  5045 

• 

1 *5971 
1*6479 
1  -4997 

1*5922 
1*5431 
1*4950 

1  *5872 
1*5382 
1*4903 

1-5823 
1-5334 
1-4855 

125 
126 
127 

1-4808 
1-4342 
1-3887 

1 -4761 
1  •4-396 
1-3842 

1*4714 
1-4250 
1 ^3797 

1*4667 
1-4204 
1  8752 

1-4620 
1*4158 
18708 

1*4574 
1-4113 
1*3663 

1  -4527 
I  •4068 
1 -3619 

1*4481 
1  •40-22 
1 •3574 

1^4-135 

1 ^3977 
1-8530 

1-4388 
1  -3932 
1-3486 

128 

«       129 

130 

1-8442 
1-3007 
1-2580 

1  -3398 
1*2964 
1-2538 

1^3354 
1-2921 
1.2496 

1-3810 
1^2878 
1-2454 

1-3267 
1*2835 
1 -2412 

1*3228 
1*2792 
1*2370 

1^3180 
1-2749 
1  -2329 

1 *3187 
1  *2707 
1  •2-287 

1-3098 
12665 
1-2246 

1-3050 
1-2622 
1-2204 

131 
182 
138 

1-2163 
1-1754 
1-1353 

1 -2122 
1-1713 
11313 

1-2080 
1  -1673 
1 ^1274 

1^2039 
11633 
1^1234 

1-1998 
1-1592 
1  1195 

1  *1957 
1  -1552 
1*1156 

1-1916 
1-1512 
1-1116 

1 -1876 
1 ^1472 
1  1077 

1-1835 
1  -1432 
1  1038 

1  1794 
1-1393 
10999 

184 
135 
186 

10960 
1  0575 
1-0196 

1-0922 
1  •0837 
1  0159 

1-0883 
1  -0-199 

1  •oizi 

1^0844 
1  -0461 
1-0084 

1-0806 
1  04-23 
1^0047 

1  *0767 
10385 
1*0009 

1  -0729 

1  -03^17 

•9972 

1^0690 

1^0309 

■9935 

1-0652 

10272 

•9898 

10614 

1-0234 

•9861 

137 
138 
139 

•9824 
-9459 
•9100 

•9787 
•94-23 
-9065 

•0751 
•9387 
•9029 

•9714 
'9361 
•8994 

-9678 
•9316 
•8959 

-9641 
.9279 

•8923 

•9605 
•9243 

•8888 

•9668 
•9207 
•8863 

-9632 
•917-i: 
-8818 

•9496 
•9136 

•8782 

140 
141 
142 

•8747 
•8399 
•8057 

-8712 
•8364 
•8023 

•8677 
•8330 
•7989 

•8642 
•8296 
•7956 

•8607 
-8261 
•7922 

•8572 
•8227 

•7Sd8 

•8538 
•8193 
-7854 

-8503 
•8169 
•7821 

-8468 
-81 -26 
•7787 

-8434 
•8091 
•7754 

• 

143 
144 
145 

•7720 
•7388 
•7060 

-7687 
•7355 
•7028 

•7654 
•7322 
•6996 

•7620 
•7289 
•6963 

•7587 
•7256 
•6931 

•7554 
-7-223 
•6899 

•7521 
•7191 
-6867 

•7488 
•7168 
•6834 

•7464 
•71'26 
•6802 

-7421 
-7093 
-6770 

146 
147 

148 

•6738 
•6419 
•6104 

•6706 
-6387 
•6073 

--6674 
•6366 

•6012 

•6642 
•63*24 
•6011 

•6610 
-6293 
•5980 

•6678 
•6261 
•5949 

•6546 
•6230 
•5918 

•6514 
•6198 

•5887 

*6483 
•61C7 
-5856 

•6451 
•6136 
•5825 

149 

150 
151 

•5794 

•5487 
•5184 

•5763 
-5467 
•6154 

•5732 
•5426 
-5124 

•5701 
•5396 
•5094 

•5671 
•5366 
-6064 

•6640 
•6335 
•5034 

•5609 
•6305 
•5004 

•5579 
•6276 
•4974 

•6548 
•5244 
-4944 

•6618 
•5214 
•4914 

152 
158 
154 

-4884 
•4687 
-4294 

-4854 

•4 

•4265 

•4824 
•4528 
-4236 

•4795 
•4499 
-4207 

•4765 
•4470 
•4178 

•4735 
•4  MO 
-4149 

•4705 
•4411 
-4120 

•4676 
•4382 
•1091 

•4646 
•4353 
-4062 

•4617 
•4323 
•4033 

155 
156 
157 

-4004 
•3717 
•3433 

•3975 
•3688 
•3405 

•3946 
-3660 
-3377 

•8918 
•3632 
•3349 

•3889 
•3603 
•3320 

-3860 
•3575 
•3'292 

•3831 
•3647 
•3264 

-8803 
•3618 
•3-236 

-3774 
•3490 
•3207 

•3745 
•3462 
•8179 

158 
159 
160 

•3151 
-2878 
•2597 

•3123 
-2845 
•2570 

•3095 
•2818 
•2642 

•8067 
•2790 
•2315 

*3039 
-2763 
•2488 

•3012 
•2735 
•2460 

•2984 
•2707 
•2133 

•2956 
•2680 
-2406 

•2928 
**2662 

•2378 

•2901 
•2625 
•2351 

161 
162 
168 

•2324 
•2054 
.1786 

-2297 
•2027 
•1759 

*2270 
•2000 
-1733 

•2243 
•1978 
•1706 

•2316 
•1247 
•1680 

•2189 
-1920 
•1653 

•2162 
•1893 
•1627 

•2135 

•1866 
•1600 

*2108 
•1830 
•1574 

■2081 
•1813 
•1548 

164 
165 
166 

•1521 
-1269 
-1000 

•1496 
•1233 
-0974 

•1469 
-1201 
•0949 

•1442 
•1181 
•0923 

*1416 
*U65 
-0897 

•1390 
•1129 
•0872 

•1364 
•1103 
•0846 

•1338 
-1077 
-0821 

-1311 
•1061 
•0795 

•1285 

•io:6 

-0770 

167 

68 

369 

•0745 
-0493 
-0244 

-0720 
-0468 
•0220 

•0695 
•0443 
•0195 

•0669 
•0418 
•0171 

•0644 
•0398 
•0146 

•0619 
•0368 
•0122 

•0594 
•0343 

•0098 

•0569 
•0318 
•0073 

•0643 
•0294 
*0049 

-0518 
-0269 
-0024 

170 

•ooco 
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APPENDIX  L 
Returks  Aia>  ExAuiKATioN  OF  Ordnance. 

(1.^  The  official  orders  Tix)on  this  subject  are  contained  in  "  Instructions 
relating  to  the  care,  preservation,  inspection,  and  fitting  of  iron  ordnance, 
&c.,  &c.,"  issued  with  Clause  191,  Army  Circulars,  1878,  but  the  following 
notes  are  inserted  here  for  the  information  of  officers  concerned. 

(1.)  Rules  tor  Furnisuino  Annual  Returns. 

Returns  accordingto  the  accompanying  forms,  p.  375,  for  S.B.,  W.O.  1475,  Annual  return, 
and  for  rifled  guns  W.O.  1476,  will  be  sent  yearly,  by  officers  of  ArtHlerv  in 
command  of  districts,*  except  in  North  America,  to  the  Direct6r  of  Artillery 
and  Stores,  on  the  Ist  of  June.     Those  from  the  North  American  Artillery 
stations  will  be  furnished  on  the  Ist  November.     Officers  commanding  vessels  p*^.  ^J^ 
of  war  of  every  description  having  guns  on  board,  and  likewise  the  Royal  f  ^"liflhuig. 
Marines,  Royal  Naval  Reserve,  and  Coast  Quard,  having  ordnance  in  their 
charge,  will  furnish  returns  on  1st  January,  through  the  Admiralty,  to  the 
Secretary  of  State  for  War.    These  annual  returns  are  forwarded  to  Super- 
intendent R.  G.  F.  for  report  and  record. 

It  is  necessary  for  the  identification  of  guns  that  the  descriptive  marks 
should  be  accurately  entered  in  the  return. 

The  weight  of  the  gun  is  marked  on  the  top  of  the  j^un  in  front  of  the  vent. 

The  initial  of  the  factory  t  will  be  found  on  the  left  trunnion  in  slU  cases,  § 
and  on  rifled  guns  the  numeral  of  pattern  or  mark  is  also  on  that  trunnion. 

The  date  of  proof  is  marked  on  the  reinforce  in  S.B.  guns,  and  on  the  left 
trunnion  of  rifled  gun8.§ 

The  register  number  and  years  of  prooflt  will  be  found  on  the  reinforce  in  | 

S.B.  cast  iron  guns,  and  on  the  left  trunnion  in  the  case  of  rifled  ordnance.  §  | 

Under  the  head  of  "  Nature,''  the  proper  name  of  the  gun,  with  its  nominal 
weight,  will  be  entered  ;  as  for  instance,  "  32-pr.  of  56  cwts,"  "  9-inch  RM.L. 
of  12  tons,"  ''40-pr.  R.B.L.  of  35  cwL"  The  Qorrect  designation  of  S.B.  guns 
is  given  in  Lists  A  and  B  §  1140  List  of  clumges  in  Artillery  material  &c., 
and  that  of  all  rifled  guns  is  also  given  from  time  to  time  in  the  same  List  of 
changes,  in  which  a  description  of  every  gun  appears  when  finally  approved. 

The  column  headed  ^*  Date  of  last  examination  "  will  be  filled  m  from  the  Date  of  last 
date  of  the  last  inspection,  made  by  an  Inspector  of  Warlike  Stores,  or  other  examination, 
qualified  person. 

•  Converted  guns  and  7-pr.  bronze  R.M.L.  iriU  be  included  in  W.O.  Form  1476. 

A  blank  return,  on  W.O.  Form  1475,  is  not  required  when  there  are  no  S.B.  guns 
on  charge. 

t  With  S.B.  ordnance  this  would  of  course  denote  the  foundry  where  the  guns  were 
oast. 

t  On  all  guns  proved  since  September  1857. 

§  Except  in  the  7-pr.  B.M.L.,  whore  this  information  is  found  on  the  right 
trunnion. 


Condition  of 
bore  and 

Sentence. 


Number  of 
rounds  ilrcd. 


Condition  of 
fitting?,  B.L. 

Column 
"  BemarW 
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The  "  Condition  of  bore"  and  "  Sentence^'  will  be  taken  fi'om  the  last  report 
made  bj  the  Inspector  of  Warlike  Stores,  or  other  examiner  conducting  the 
periodical  or  special  examinations  ordered  ;  but  if  the  gun  has  not  been 
examined,  owing  to  only  a  few  rounds  having  been  fired  from  it,  these  columns 
may  be  left  bliuik,  unless  the  commanding  officer  should  see  cause  to  geJI 
special  attention  to  the  gun. 

The  *^  Number  of  rounds  fired"  at  the  date  of  making  the  return,  will  be 
Yory  carefully  entered  under  the  several  headings ;  it  is  exceedingly  im- 
portant, for  sake  of  the  record,  that  the  number  should  be  given  correctly. 
The  number  of  rounds  fired  with  projectiles  since  previous  examination  should 
also  be  given. 

The  number  of  rounds  fired  with  projectiles  at  the  time  of  making  the 
annual  returns  will  be  very  carefully  recorded  from  year  to  year.  a8  the 
older  cast  iron  suns  which  were  in  the  service  previous  to  records  being  kept, 
have  had  a  nuniber  of  rounds  *^  assumed"  from  the  size  of  the  vent,  in  accord^ 
ance  with  the  instructiooB  of  previous  circulars.  The  number  of  "  assumed 
rounds"  will  be  entered  every  year  in  red  ink,  and  the  actual  number  of 
rounds  in  black  ink.  In  the  colunm  in  middle  of  return  should  be  in* 
serted  the  number  of  rounds  fired  with  projectiles  since  last  examination. 

The  columns  regarding  the  condition  of  the  fitting  of  the  breech-leading 
guns,  und  the  vents  of  muzzle-loading  guns,  will  be  fiSed  in  from  ike  rejiorts 
of  the  Inspector  of  Warlike  Stores,  or  other  examiner. 

Particulars  of  any  special  defect  on  the  exterior  or  other  part  of  the  gun 
will  be  noted  in  ihe  column  of  *'  Remarks,"  if  not  entered  in  any  other  part 
of  the  return  ;  as  also,  any  peculiar  circumstance,  such  as  the  re- venting  of 
a  muzzle-loading  gun,  the  onxBting  of  a  shell  in  the  bore,  the  fractnre  of 
fittings,  &C.  Rdterence  will  be  made,  when  necessary,  to  expLuiatoty  docu- 
ments. 

Guns  which  have  not  been  fired  since  the  previous  return  will  be  entered  in 
the  return  ;  but  the  columns  headed  **  ConcUtion  of  bore,"  "  Sentence,"  "  No. 
of  rounds  fired,"  and  condition  of  fittings,  need  not  be  fiLiled  in,  the  remark 
'*  Not  used  isince  16    ."  being  entered  against  them. 


(2.)   KULBS  AS  TO  EXAHINATION  OF  GlTSS. 

HwM  Stations,  BayaX  ArtUlery, 


home. 


Examination         For  home  service  tha  following  arrangements  will  be  carried  out  for  gons  in 

of  guns  in  Royal  Artillery  charge  : — 

Eoyal  Artil-  ^  g^^^^  ^  ^  gg^  j^^g  g^^^  j^  number  of  rotinds,  since  previous  examination 

lery  cliarge  at    ^oi^  down  in  the  regulations,  a  notification  of  the  circumstance  (see  W.O. 

"'"'*  Form,  1473,  p.  376)  will  be  sent  in  the  case  of  Rified  guns  to  the  Director  of 

Artillery,  or  in  tiie  case  of  S.B.  guns,  direct  to  the  Superintendent,  R.G.F., 

by  the  <^cer  commanding  the  district,  and  practice  from  the  gun  will  cesfie 

until  its  condition  has  been  reported  upon. 

Gutta-peitha  impression  of  vent  should  accompany  the  return,  as  the 
Director  of  Artillery,  after  its  inspection,  may  be  «able  to  allow  of  continuance 
of  practice  from  the  gun  without  waiting  for  the  quarterly  inspection. 

At  the  end  of  every  quarter  an  examiner  and  an  artificer  from  the  Royal 
Gun  Factories  will  visit  each  district,  and  examine  those  gims  which  have 
fired  the  prescribed  number  of  rounds  and  perform  such  repairs  as  may  be 
required. 

A  copy  of  the  Examiner's  report  will  be  furnished  by  him  to  the  officer 
commanding  the  R.A.  District,  or  where  the  guns  are  mounted,  to  enable 
this  officer  to  complete  his  Annual  Return  as  prescribed. 

Should  there  be  no  guns  in  a  district  requiring  such  examination  or  repaii*, 
the  district  will  not  be  visited  in  that  quarter. 
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Foreign  StcUiorUy  Royal  ArdUery. 

At  all  foreign  stations  the  examination  wiU  be  made  under  the  direction  of  Examination 
the  officer  commanding  the  Royal  Artilleiy  in  the  district,  by  an  Inspector  of  of  gnns  in 
Warlike  Stores,  should  there  be  one  at  the  station,  or,  if  not,  by  some  other  Boyal 
competent  person.    A  report  of  the  examination  will  be  made  on  W.O.  Form  Artilleiy 
1476  or  1476,  and  forwarded  through  the  same  channels  as  laid  down  for  the  charge  abroad, 
annual  return. 

In  such  case  the  word  ''  Special^  will  be  substituted  for  '*  Annual''  in  the 
heading  of  the  form. 

Impressions  will  not  be  sent  with  the  report  unless  there  is  any  doubt  as 
to  the  serviceability  of  the  gun  or  guns  ;  but  should  any  gun  appear  to  be  in 
an  unserviceable  state,  or  to  require  re- venting  or  other  repairs  oeyond  what 
can  be  effected  on  the  spot,  impressions  will  be  forwarded  with  the  report,  for 
the  information  of  the  Director  of  Artillery  and  Stores,  who  will  give  such 
directions  as  he  may  think  desirable. 

If  guns  found  unserviceable,  or  requiring  re-venting  or  repair,  as  above,  be 
mounted  in  an  important  position,  or  if  local  circumstances  render  their  im- 
mediate exchaDge  necessary,  they  will  at  once  be  exchanged,  if  practicable, 
bv  requisition  on  the  Commissary  of  Ordnance  Stores,  approved  by  the 
General  Officer  commanding.  In  such  cases  the  requisition,  after  being  com- 
plied with,  will  be  f orwardMl  by  the  Commissaiy  to  the  Director  of  Arallery 
and  Stores. 

NoTB. — ^Revised  instructions  with  repaid  to  the  examination,  &a,  of  Guns 
in  charse  of  the  Boyal  Navy,  Boyal  Marine  Artillery,  Boyal  Marines,  Her 
Majest^s  Coast  Guard,  and  the  Boyal  Naval  Besenre,  are  under  consideration, 
and  will  shortly  be  officially  promulgated. 

Oeneral  Eemarhs, 

When  any  accident  occurs,  either  at  home  or  abroad,  such  as  the  bursting  of 
a  shell  in  the  bore,  the  splitting  of  a  B.L.  vent-piece,  &c.  immediate  inquiry 
should  be  made  into  the  circumstance,  and  the  gun.  If  the  Commanding 
Officer  considers  the  damage  to  be  of  importance,  he  will  send  wiHiout  delay,  a 
report  of  the  circumstances,  through  the  same  channel  as  his  annual  return 
forwarding,  if  necessary  for  the  illustration  of  his  report,  gutta-percha  im- 
pressions of  the  damage  done  to  the  gun.  A  similar  course  will  be  pursued  in 
regard  to  naval  guns — ^The  "  Memorandum  of  Examination"  W.O.  Form  1340, 
of  every  rifled  gun,  must  be  be  in  possession  of  the  officer  in  charge  of  that 
gun ;  and  when  a  gun  is  returned  into  or  issued  from  store  this  memorandum 
must  accompany  the  transfer  vouchers. 

The  number  of  rounds,  that  have  been  fired  will  be  accurately  entered  in 
the  memorandum,  which  will  be  carefully  preserved,  as  contaimng  important 
information  conoenung  the  gun. 

(4.)  Method  ot  takinq  Iicfrbssioks  ih  GuTTA-PXRCHiL  and  Wax. 

The  common  kind  of  gutta-percha  used  for  the  soles  of  boots  is  suitable  for  Gutta-percha, 
the  purpose.    It  can  be  used  over  and  over  again,  and  need  never  be  thrown 
away  if  a  little  fresh  material  be  added  from  time  to  time,  to  prevent  it  from 
becoming  brittle.    It  should  not  be  allowed  to  become  mixed  with  dirt  or 
grit,  and  it  should  be  kept  in  water  when  not  in  use. 

llie  method  of  applying  the  guttarpercha  is  as  follows  :  A  sufficient  quantity  How  prepared, 
having  been  softened  by  being  put  into  boiling  water,  is  worked  and  kneaded 
on  a  smooth  board,  until  the  air  and  water  are  expelled,  and  a  smooth  surface 
obtained.  A  small  lump  is  then  placed  on  the  pan  of  the  instrument  (which 
should  have  been  previously  fitted  with  a  pad  otgutta-percha)  and  screwed  up 
against  the  vent^  or  other  part  of  the  bore,  of  which  an  impression  is  to  be 
taken.  It  is  there  left  till  cold,  about  10  or  20  minutes,  aooordinir  to  the 
weather ;  then  the  instrument  is  withdrawn. 

(CO.)  2  B 
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How  used  A  little  soft  soap,  or,  if  that  be  not  available,  common  soap  and  water,  oil 

or  greaae,  will  prevent  the  impression  sticking  to  the  pad.  The  bore  of  the 
gun  should  be  slightly  greased.  Too  much  pressure  must  not  be  applied, 
otherwise  the  impression  will  be  very  thin,  and  if  the  defect  be  deep  it  will  be 
difficult  to  remove  the  gutta-percha.  A  cood  deal  of  practice  is  required  to 
get  good,  smooth  impressions  ;  and  several  impressions  of  the  vent  have  some- 
times to  be  taken  before  one  is  obtained  which  can  be  relied  on  to  show  any 

_.  hairlines. 

Wax  com-  Wax  composition,  which  may  be  used  instead  of  ^tta-percha,  for  taking 

position.  temporary  impressions  for  examination  on  the  spot,  is  made  of  beeswax  two 

parts,  treacle  one  part,  soft  soap  one  part  The  wax  should  be  melted  over  a 
slow  fire  in  an  iron  pot,  the  treacle  being  first  added  and  mixed  well  by 
stirring  ;  and  lastly  the  soft  soap,  a  little  at  a  time.  The  mixture  must  lie 
kept  in  motion,  and  when  thoroughly  mixed  poured  out,  and  made  into  balls 
when  cooL  This  composition  bein^  soft,  is  always  ready  for  use,  but  is  easily 
destroyed  by  handling.  The  cushion  or  pad  of  gutta-percha  will  be  removed 
from  the  pan  of  the  instniment  before  the  wax  composition  is  applied. 
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APPENDIX  II. 

iNSTRUOnONS  FOR  BRONZINa  AND  BLUEINQ  SiGHTS  AND  FIT- 
TINGS, Browning  Guns,  deepening  Centre  Hind  Sight 
Holes,  fixing  Derrioks,  &o. 

Blueing* 

(1.)  The  steel  tangent  bar,  screw  trunnion  edght,  and  all  trunnion  sight 
leaves  are  blued. 

Blueing  consists  simply  in  covering  the  surface  with  a  thin  film  of  oxide 
sufficient  to  give  the  article  a  deep  blue  colour,  and  to  prevent  further  oxida- 
tion from  exposure  to  the  atmosphere.  This  is  eadlj  effected  hj  polishing 
well  the  surface  of  the  article,  and  heating  it  to  about  560°  until  it  assumes  a 
blue  colour  and  then  allowing  it  to  cool  gradually.  A  sand  bath  is  generally 
used  in  order  to  obtain  a  uniform  heat,  and  the  bar,  &c.  is  taken  out  from 
time  to  time  to  watch  the  change  of  colour  and  to  i>revent  its  going  too  far. 
Thf^  temperature  may  be  jud^pa  by  Uie  colours,  which  successively  appear  on 
the  surface  of  the  steel  at  various  low  temperatures,  viz.  :^- 

At  4.V)®  F.  the  steel  becomes  a  straw  colour,  at  476°  an  orange  or  gold, 
500**  brown,  530°  purple,  SSO**  violet,  580*  blue,  610°  wMte,  and  at 
625'' red. 

Braneinff, 

'    (S.)  The  exposed  gun-metal  portions  of  all  the  tangent  and  drop  sights  are 
protected  from  the  influence  of  the  atmosphere  by  **  bronzing  as  follows : — 
1st.  Polish  the  parts  well  and  heat  them  over  a  spirit  lamp  or  gas. 
2nd.  Polish  witn  a  brush  and  black  lead,  to  remove  all  grease,  &c 
3rd.  The  bronzing  mixture  is  then  applied  to  the  heated  met^    It  consists 
of — 

Bichloride  of  platinum    2  parts. 

Corrosive  sublimate         1  '^  „ 

V  U&^gow  •«•«  .•••  ott  ••••  ..ft  ••••  ^       „ 

4th.  The  parts  are  next  dipped  into  boxwood  sawdust  to  dry  them,  and 
then  again  polished  with  black  lead  to  give  a  body  to  the  colour.  The  figures, 
which  are  left  bright,  are  rubbed  with  emery  cloth,  and  the  whole  is  miaUy 
varnished  with  shellac  and  methylated  spirits. 

Brcwmng^ 

(3.)  9  and  16-pr.  guns  are  browned,  the  operation  is  as  follows  : — 

1.  Steam  the  gun  for  10  hours,  then  wash  with  a  lye  of  potaah  (1  lb.  black 
potaeh  to  1  ^^on  of  water)  ;  repeat  until  the  grease  is  thix>ughly  eradicated. 
(A.)  If  there  be  no  convenience  on  service  for  the  performance  of  the  steam- 
ing process,  simjple  washing  may  have  to  be  employed  instead.  The  whole 
object  is  to  get  rid  of  oil  which  may  remain  on  the  surface  of  the  iron,  and 
hence  ^e  water  should  be  as  hot  as  can  be  borne  by  the  operator,  who  will 
rub  vigorously  all  over  the  exterior  surface  with  a  clean  hard  brush  ;  a  little 
hard  soap  should  be  used,  and  the  water  should  be  frequently  changed  so  as 
to  ensure  its  peif ect  cleanness.  This  waahing  and  scrubbing  with  soap  and 
hot  water  must  be  repeated  at  least  three  times ;  then  wash  the  gan  witn  the 
lye  of  potash  as  aforesaid.  (B.)  Bepeat  the  process  A,  consisting  of  three 
^  washings  and  scrubbings  with  soap  and  water,  and  of  one  washing  with  the 

^  lye  of  potaah  several  tunes ;  to  obtain  perfect  cleanness  may  require  many 
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Storee 
required  for 
brownuig  » 
battery. 


repetitions  of  the  wnole  process,  and  care  must  be  taken  not  to  touch  the  gon 
with  anT  fatty  matter,  or  even  with  the' hand,  as  it  may  take  hours  of  washing 
to  wholly  remove  the  effect 

2.  Wash  with  hydrochloric  add  and  water  (equal  parts)  to  remove  oxide, 
then  wash  with  clean  water  and  wipe  dry.  3.  Apply  browning  mixture  with 
a  spoiure,  and  let  stand  for  12  hours  in  a  temperature  not  less  than  60**  or 
more  than  100°  ;  t^en  rub  off  rust  with  scratch  card  and  brush.  The  browning 
mixture  is  composed  of  the  following  : — 


Tincture  of  steel     2  parts. 

Nitric  acid        ..«.  1     „ 
Blue  yitriol        ....  I 


n 


Spirits  of  nitre      14  parts. 
Spirits  of  wine      If 
Soft  water      ....  2^ 


M 


4.  Anply  mixture,  let  it  stand  six  hours,  rub  off  ruoL  5*  B^fAl  Vo,  4. 
6.  Apply  mixture,  let  it  stand  six  hours,  then  boil  five  minutes  m  a  lye  of 
potash  (I  lb.  potash  to  2  gallons  of  watcor),  then  rub  off  rust  7.  When  cold, 
repeat  No.  4.  8.  Repeat  No.  4.  9.  Apply  mixture,  stand  six  hours,  then 
boil  as  in  No.  6  operation,  rub  off  rust*  then  coat  with  olive  oiL 

Care  to  be  taken  to  well  sponge  and  dry  the  bore  and  chambers  after  each 
operation  of  washing,  steaming,  or  boiling. 

The  following  is  a  detail  of  the  stores  and  quantities  of  ingredients  allowed 
per  battery  biennially  required  for  browning  a  battery  of  six  9-pr,  guns,  or  six 
l6-pr8,,*  viz. : — 


Tineture  (tf  steel 
Nitno        .... 
Blue  vitriol 
Spirits  of  nitre 
Spirits  of  wine 


•••• 


•«.• 


•••• 


.... 


•..• 


•••• 


4  OS. 

2  "   I  To  be  mixed  in  2  quarts 
J   »  r    of  soft  water. 

3  ,J 


•••» 


••«f 


<••• 


?••• 


«•*• 


.... 


M«» 


•«M 


Hydrochloric  add  ....        »..        ....        ....        ....        .... 

Earthenware  pan  to  hold  6  quarts,  for  hydrochloric  add     .... 

American  potash  ... 
Wooden  pail  for  do. 

V^AA       !•••  ••••  •*ff9 

Sponge  cloth  for  do. 

Sponee  to  apply  the  browning  mixture  " 

Fiat  brush  to  apply  the  ^ydrwhlorie  acid 

Scratch  card  to  rvib  the  surf  ^^  of  the  gun  between  the  coatings 

VyvNUo  ....  ..«•  ..t*  .•««  ....  ....  ...•  .... 

Brush,  hard 


•••< 


6  lbs. 
1 
6  lbs. 

I 
I 

6  '"Wt 
....  336  lbs. 
1 


f... 


I'M 


»t»» 


%••• 


Preparinff  Ounfor  Ungtheriad  hind  si^Ju, 

(4.)  As  mentioned  at  p.  187,  lengthened  centre  hiiid  fights  are  to  \i§  mppliad 
eventually  for  9-inch  guns  ai^  upwards,  and  for  ^t  puipoee  the  ^oisket  \^ 
has  to  be  deepened. 

The  tools  required  are  mentioned  below,  as  well  as  the  necessary  instructions 
regarding  tneir  use. 

Tools  for  deepening  holes  for  lengthened  Oentre  Hind  Sights,  9-inch  RM.L. 
Chins  and  upwards. 


Brace,  ratchet^  20^ 

Guide,  steel 
Stamp,  B. 


•t*. 

•  •a. 


•  •*. 

•  •»• 

.... 


1 
1 
1 
1 
1 


Instruction  for  de^pwug  the  Q^tw  bifid  §ight  h^^W  for  9",  10",  U",  and 
12"  guns  : — 

TiUce  out  the  met^J  ^^t  aoefcet  4nd  put  the  steel  guide  ji^  itfs  pl^c?.  Erect 
the  sighting  xQachine  dnll  fra^e  (m^ked  \a  in  tbe  tools  for  a^hting  ordnance) 
placing  the  drill  in  the  ^teel  gujd^  and  bringing  t^e  feed  screw  e^^ictlj  to  iti 


*  Half  as  much  again  f^r  16-pn.  i^  to  proportioi^  of  stores. 


The  drill  BJid  feed  eerew  will  not  be  quite  perpendicular,  bnt  will  be  inclined 
at  the  correctional  angle  for  the  gun's  deflection.  Fasten  the  frame  securely 
by  a  atrong  chain  or  rope  to  the  gun,  placing  a  block  of  hard  Tood  under  Uie 
tail 

The  holes  in  the  IS  and  18-ton  guns  can  be  sufficiently  deepened  with  the 
shorter  drill  alone,  but  for  those  in  the  25-ton  guns  it  irtll  be  neceesaiy  to 
extend  the  hole  farther,  and  the  longer  drill  must  be  substituted,  when  the 
shorter  one  has  drilled  as  deeply  as  tne  feed  screw  will  drive  it.  It  will  be 
found  convenient  to  mark  the  proper  depth  on  the  drilL 

To  uae  the  machine,  insert  the  drill,  attach  the  ratchet  brace,  gentiy  tighten 
up  the  feed  screw,  lubricate  with  oil  and  turn  the  handle. 


When  the  proper  depth  has  been  attained,  remove  the  appandna  and  steel 
guide,  thoroughly  clean  out  the  hole  and  replace  the  socket ;  a  small  B  will 
uien  be  ataniped  upon  the  gun  in  front  of  the  socket  hole. 

(5,)  As  mentioned  at  p.  205,  the  following  instructions  apply  to  Ae  fixing  on   Idling 
the  guna  of  the  muzzle  derricks  described  at  p.  203,  Chapter  IX.  derncki. 

Instructions  to  be  observed  in  fixing  bronae  derricks  to  muzzles  of  heavy 
rified  guns  :— 

1st  Scribe  a  line  upon  the  top  of  the  chase  from  the  vertical  axis  line  on 
muzzle  for  a  distance  tA  about  12  inches  towards  the  fore  sight. 

2nd.  Remove  the  fixing  screws  and  then  try  on  the  baud  ;  there  may  be  a 
Blight  variation  in  the  diameter  of  the  mu^es  of  guns  of  the  same  nature,  but 
if  ttiey  are  correct  the  bands  would  be  seated  as  fdlows,  viz.  : — 

Distance  from  face  of  muzzle  to  &ont  I  for  9"  M.I4  guns  6^"  ; 

edge  of  band  /for  liy,  11",  12",  and  12i"gunH,  6". 

Should  the  band  not  reach  its  seat,  it  will  be  neceasary  to  ease  it  inside 
with  a  half-round  file  until  it  attains  the  required  position.  If,  on  the  other 
hand,  the  muzzle  of  the  gun  be  small,  the  baud  must  be  pushed  on  as  far  as  it 

3rd.  When  the  band  has  been  placed  roughly  la  its  positioti,  turn  it  round 
until  the  vertical  lines  cut  ou  the  front  and  rear  facee  agree  with  the  scribed 
line  on  muzzle  mentioned  abova  When  properly  adjusted,  give  the  front  edge 
a  few  gentle  taps  all  round  with  a  piece  of  wood  to  drive  it  on  the  chase,  and 
thus  fix  it  temporarily  in  position,  but  the  relations  of  the  lines  must  not  be 
disturbed  in  so  doing. 

4th.  Now  mark  off  upon  the  chase  the  positions  of  the  boles  by  means  of  a 
steel  scriber  carefully  guided  around  the  interior  of  the  bci«w  holes,  and  then 
remove  the  band.    SpecitJ  attention  must  be  paid  to  this  operation. 
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5th.  Dot  round  with  a  centre  punch  the  cirdee  juBt  deecribed,  and  centre 
each  as  nearly  as  possible  ready  lor  drilling. 

6th.  Erect  the  drilling  apparatus  and  drill  very  carefully  four  holes,  each 
^  in  diameter  and  ^  deep,  to  correspond  with  the  plain  points  of  the  fixing 
screws. 

Judgment  must  be  exercised  in  drilling  the  holes  if  required,  so  that  they 
may  be  perfectly  concentric  with  the  dotted  circles  previously  marked  off. 

At  the  chief  stations,  where  artificers  are  at  hand^  drills  can  readily  be 
repared  on  the  snot  for  this  purpose,  but  in  localities  where  these  conveniences 
o  not  exist,  the  drills  can  be  supplied  on  demand. 

7th.  After  the  holes  are  completed  remove  the  drilling  tackle,  dean  the 
surface  of  the  chase,  take  off  all  ^  burrs  "  from  the  holes,  and  place  the  band  in 
position  ;  then  insert  the  screws  and  send  them  home  firmly  and  securely. 

It  will  be  necessary  to  adjust  the  bridge  piece  which  supports  the  derrick 
when  erected,  so  that  the  latter  matiy  be  brought  forward  in  order  to  maintain 
the  required  relation  with  the  muzzle  of  the  piece.  It  will  be  requisite  first 
to  level  the  gun  and  then  to  drop  a  plumb-line  from  the  centre  of  the  loop  or 
eye  at  the  top  of  the  derrick,  and  the  distance  measured  from  the  face  of  the 
muzzle  to  this  line  should  be-— 
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Limits  of  error, 
one  inch  minus 
or  plus. 


Where  the  measurement  does  not  comply  with  the  above  dimensions,  the 
lower  side  of  bridge  piece  must  be  cut  away  and  relieved  until  the  proper 
overhang  has  been  obtained. 
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APPENDIX  m. 

lllTRAIIiLEnR  OR  MaOHINE  OuN& 

MitraiUeurB  or  machine  guns  of  some  description  now  exist  in  limited  num- 
bers in  the  annaments  of  most  great  powers. 

With  regard  to  the  raison  d'dtre  of  these  weapons,  it  appeared  on  the 
introduction  of  rifled  field  guns  that  the  smaller  charges  used  with  and  motion 
imparted  to  the  projectile  somewhat  decreased  the  ^ect  of  case  shot,  while 
shell  fire  (until  fuzes  are  much  improved)  at  short  ranges  must  always  be  more 
or  less  uncertain.  MitraOleurs  were  therefore  made  with  a  view  to  their  ^  . 
affording  a  ^re  like  that  of  case  (initraitlle)^  or  a  hail  of  bullets,  for  ranges  up  jnita^^limwi 
to  1,000  or  1,200  yards.  muaauieuis. 

In  August,  1870,  a  Special  Committee  carried  out  trials  which  resulted  in  Special  Com- 

the  purchase  of  a  small  number  of  Qatling  guns,  mittee,  1870. 

Tneir  report  was  made  in  November,  1870,  at  whioh  date  a  full  knowledge  /jL-^iiJ^  ^^ 

had  not  been  obtained  of  the  effect  of  the  mitrailleurs  used  in  the  Franco-  jntpodm^i 

German  war  of  that  year.    Twelve  Gatling  guns,  however,  of  small  calibre,  1370. 
for  land  service,  and  24  of  medium,  together  with  12  of  small  size  for  sea  ser- 
vice, were  ordered  as  a  tentative  measure,  until  further  experience  was 
gained. 

In  November,  1871,  the  Special  Committee  above  mentioned  having  prose-  Adoption 

cixted  further  inquiiy  as  to  tne  intentions  of  foreign  go vemments  regarding  recommended 

machine  guns,  and  liaving  examined  a  jiumber  of  omoeFs  who  were  present  ^^l^/?[j^ 

wiih.  French  or  German  armies  during  the  war,  made  a  second  report  in  J^,. 

which  they  adhered  to  their  former  opinion,  recommending  the  adoption  of  the  ^'^'^^^* 
larger  Gratling  gun  of  0'65-in.  bore  for  coast  defences  and  naval  service,  and 
the  smaller  of  0*45  in  calibre  for  field  purposes. 

As  already  mentioned,  a  small  num  oer  of  these  guns  had  been  ordered  in  Finally  ap- 

1870,  and  it  was  thought  adviEMible,  before  manufacturing  any  more,  that  proTedozin 

these  should  be  thorou^^y  tried  in  the  service,    A  number  of  0'45-in.  calibre  1874  by 

and  of  0'66-in.  calibre,  have  been  made  for  S,S ,  and  lately  some  smaller  §  2647. 
0'46-in.  Gatlings  have  been  ordered  for  Indian  service.    These  Gatling  guns 
were  finally  approved  of  as  servioe  pieoQS  in  1874* 

CantiruoHon  of  Service  OcUltnff. 

The  followinff  are  the  details  of  construction  of  our  service  Gatling,  which  §  2642. 
belongs  to  the  description  of  mitrailleurs  where  the  barrels  revolve,  and  are  I  2647. 
charged  simultaneously.  Each  barrel  has  its  special  lock,  which  accompanies 
it  during  revolution,  and  is  also  capable  of  motion  backwards  and  forwards. 
It  pushes  the  cartridge  into  its  banrel,  then  serves  as  a  breech,  and  afterwards 
extracts  the  empty  cartridge.  Each  lock  has  a  striker  with  spiral  spring,  and 
an  extractor. 

The  system  is  caused  to  revolve  by  means  of  a  crank  fixed  on  the  right  side   Scattering 
of  the  piece,  and  an  automatic  "  scattering "  arrangement  has  been  added,   anangemenU 
which  can  be  put  in  gear  or  not,  as  required,  and  which  is  worked  by  the 
crank  which  moves  the  system.    Each  lock  can  be  taken  out  separately,  and 
replaced  by  a  new  one. 

*  *'It  is  proposed  to  keep  in  store  in  roBerra  a  few  Ghit]2nggmi8(niadeb70ontimot) 
in  case  they  should  be  required,  and  also  to  issue  a  limited  number  to  ships  of  war. 

*'  Am  these  weapons,  however,  are  considered  complicated  and  of  limited  power,  it 
is  not  contemplated  that  they  will  be  much  employed  on  active  aerrioe,  and  no  troops 
are  armed  with  them. 
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300  to  400  rounds  per  minute  can  be  fired  from  this  mitrailleur,  and  two 
men  are  sufficient  to  serve  one  in  action. 

We  have  three  natures  in  our  service,  the  0'65-in.  and  two  of  0*45-in.  bore, 
of  3  cwta.  and  200  lbs.  weight  respectively. 

cwl  qrs.  lbs. 
Weight  of  gun         ....        ....        ....        ....        ....  3    3    24 

carriage  and  limber  (empty) 12    2    13 


n 


Banels. 

Shaft. 
Breech  oadng. 

CaMoble  plate. 


Scattering 
tte. 

Coneentratod 
fire 

Locking  bolt. 

Cartridge 
carrier. 

Hopper. 
Feed  dram. 


Lock  chamber^ 


Leolu. 

Bear  guide 
nat«. 


Cam. 


Cocking  ring. 


The  gun  has  10  steel  barrels,  rified  on  the  Henry  principle,  fixed  in  a 
circle  round  a  centre  shaft  of  steeL  To  this  shaft  are  keyed  two  gun  metal 
discs,  through  one  of  which  the  muzzle  ends  of  barrels  pass,  while  their  breech 
ends  are  screwed  into  the  other.     Vide  Plate,  page 

The  shaft  itself  is  fixed  in  a  '*  eun  frame  **  (aa^  Fig.  1)  of  wrought  iron, 
made  of  two  bars  connected  in  front  of  muzdes  by  a  curved  cross-piece 
(n.  Fig.  1).  The  rear,  ends  of  this  gun  frame  are  connected  by  screws  to  a 
cast  iron  box,  or  "  breech  casing"  (C,  Fig.  1),  which  contains  the  mechanism. 
In  this  casing  is  a  vertical  diapnragm,  tmrough  which  the  shaft  passes  towards 
the  breech,  and  the  breech  end  of  the  casing  is  closed  by  a  **  cascable  plate  ^ 
(i>.  Fig.  1)  of  cast  iron. 

Inside  the  casing,  upon  the  rear  end  of  the  shaft,  is  a  small  (pinion)  worm- 
wheel  ( W,  Fig.  2),  which  gears  into  a  worm  (/,  Fig.  2)  on  a  crank  shaft  or 
spindle  (^g.  Fig.  2),  which  passes  into  the  breech  casing  on  the  right  side,  and 
at  right  angles  to  the  main  shaft  By  turning  a  crank  handle  secured  to  this 
spindle,  the  main  shaft  and  barrels  are  caused  to  revolve.  When  not  in  use 
inis  handle  is  pushed  in  out  of  the  way. 

Fastened  by  screws  to  the  gun  frame,  is  a  ^  pivot  block "  of  gun  metal 
(Py  Fiff.  3)  ;  a  pivot  (P,  Fig.  3)  passes  through  this,  and  into  an  iron  trunnion 
plate  (ee,  Fig.  3),  and  upon  it  the  system  tunis  when  lateral  spread  of  bullets 
IS  required. 

The  trunnion  plate  has  projections,  or  trunnions,  on  which  the  system 
revolves  for  elevation,  and  is  secured  at  the  rear  end  by  a  bolt  and  nut  to  a 
locking  bolt  plate  which  fits  into  an  undercut  slot  in  bottom  of  breedi 
ca«ng. 

When  a  scattering  fire  is  required,  the  frame,  barrels,  ftc.,  turn  on  this 
"  block "  through  the  required  arc  by  means  of  an  automatic  arrangement 
(AFy  Fig.  2)  worked  by  the  crank  handle  before  mentioned.  When  such  is 
not  required,  the  fire  is  concentrated  by  putting  this  arrangement  out  of  gear, 
and  preventing  any  transverse  movement  by  means  of  a  ''locking  bolf 
{I,  Fig.  2)  let  down  into  a  slot  in  trunnion  plate  at  the  rear. 

On  the  main  shaft  in  rear  of  the  barrels  a  cast  iron  cylinder,  or  ''  cartridge 
carrier  **  (J/*,  Fig.  4)  is  fixed.  This  has  10  longitudinal  grooves,  corresponding 
with  the  10  bamls.  A  gun  metal  cover,  or  "  hopper"  (B,  Fig.  4),  hinged  at 
one  side,  drops  over  it.  The  cover  has  a  longitudmal  alot,  correspondmg  to 
the  opening  m  the  "  feed  drum,''  this  drum  is  of  metal,  fits  on  a  pin  (b,  Fig.  4) 
in  centre  of  hopper,  and  contains  240  cartridges,  in  16  perpendicular  columns 
or  channels.  It  weighs,  when  full,  60  lbs.  TT,  Fig.  1),  which  rests  upon  the 
upper  surface  of  the  "  hopper."  As  each  column  is  exhausted,  the  arum  is 
turned  round  by  hand  untU  the  next  one  corresponds  with  the  opening  in  the 
hopper.  Through  this  slot  the  cartridges  drop  (as  the  shaft  revolves)  into  the 
several  grooves,  ready  to  be  pushed  By  the  lock  plungers  into  the  barrels 
corresponding. 

In  rear  ol  this,  and  inside  the  breech  casing,  is  placed  the  ^  lock  chamber," 
which  is  keyed  to  and  revolves  with  the  main  shaft  It  is  a  cylinder  of  cast- 
iron,  having  longitudinal  channels  through  which  the  **  locks  "  pass. 

Upon  the  main  shaft,  a^in,  and  against  the  back  of  the  ''lock  chamber  " 
is  secured  a  cast-iron  "  rear  ffuide  nut,"  which  keeps  the  parts  firmly  together. 
The  locks  rest  partly  upon  tne  outer  circumference  of  this  nut ;  and  in  the 
grooves  on  which  they  fit,  as  well  as  in  the  channels  in  the  lock  chamber,  are 
small  slots,  in  which  run  studs  on  the  locks,  in  order  to  prevent  the  latter 
revolving  save  with  the  shaft 

Inside  the  *'  casing"  is  a  curved  gun  metal  plate,  er  cam,  by  means  of  whi<^, 
as  the  shaft  and  lock  chamber  revolve,  tiie  lodu  themselves  are  pushed  forward 
Oft  back.  A  piece  of  steel  is  let  into  the  front  of  this  cam,  against  which  the 
butt  of  each  lock  bears  at  the  moment  the  barrel  is  fired. 

There  is  also  a  steel  cam,  called  a  cocking  ring^  which,  as.  the  lock  chamber 


883 
BiBTtci  QiTLina  Qinr,  0-1&  Bobi. 


884 

liring  pin.        revolvee,  draws  back  and  then  releases  a  spiral  spring  acting  on  the  ^^firing 

pin  "  or  needle  of  each  lock. 

l%8Loek. 

Lock.  The  lock  consists  of  a  steel  tnbe  or  ^  plunger,"  abont  11^  ins.  long,  the  front 

end  of  which,  for  abont  4  ins.,  is  smaller  in  diameter,  and  nas  only  a  pin  hole 

running  through  it. 
Butt.  c    The  remainder  is  hollow,  and  slotted  out  on  one  side.    Its  breech  end  is 

losed  by  a  steel  nlug  or  ^*  butt,"  screwed  in. 
Inside  is  a  steel  bolt  or  **  hammer,"  having  a  nrojection  at  the  side  which 

passes  through  the  slot  in  the  tube,  while  to  the  iront  part  of  it  is  attached  a 

nring  pin  or  ^  striker/'  of  steel. 
^  A  spiral  spring  is  placed  over  the  hammer,  being  retained  by  the  *^  butt" 

Bxfcrsctor.  To  the  outside  of  the  tube  or  lock  is  fixed  a  sted  extractor,  having  a  hook, 

which  seizes  the  rim  of  the  cartridge  and  draws  it  out  as  the  lock  is  being 

withdrawn. 

SiffhHng, 

Sights.  There  are  two  siffhts,  a  fore  sight  and  tangent  sight    The  former  is  a  plain 

steel  sight  attachecTto  the  gun  mme  on  the  right  side  at  the  muzzle,  and  the 
latter  is  a  plain  steel  bar  mduated  in  degrees  and  yards,  working  in  a  socket 
on  the  right  rear  side  of  the  breech  casing,  and  clamped  by  means  of  a  milled 
head  thumb  screw. 

The  0*45-in.  gun  is  sighted  with  a  tangent  and  fore  sight  up  to  2,400  yards 
(8°  23'  elevation). 

AetiofL 

-^^^^^oxL  When  the  gun  is  in  action  five  cartridges  are  always  in  process  of  loading, 

and  five  are  in  different  stages  of  extraction.  Thua  as  the  system  revolves, 
cartridges  drop  from  the  f cmL  drum  through  slot  in  the  hopper,  successively,  on 
the  10  grooves  in  cartridge  carrier ;  as  each  lock  comes  m  contact  with  the 
cocking  ring,  the  hammer  is  drawn  back  and  spring  compressed ;  further 
rotation  brings  the  lock  agaiost  the  gun  metal  cam,  which  pushes  it  forward, 
driving  before  it  a  cartridge  from  the  carrier  into  its  particular  barreL  The 
breech  is  thus  dosed,  and  as  the  butt  comes  opposite  the  steel  plate  in  the  cam, 
the  cocking  ring  releases  the  spring,  and  the  needle  fires  the  cartridge.  The 
system  continues  to  revolve,  and  me  lock  now  being  drawn  back  within  the 
chamber,  extracts  the  empty  cartridge  case  while  retreating,  and  the  latter 
falls  to  the  ground* 
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APPENDIX  IV* 
Ranqb  Tables  and  Trajegtoribs. 

If)  knowing  the  M.y.  given  by  a  gun,  we  had  any  means  of  ajgcertainin^ 
with  certainty  from  theoretical  considerations  what  would  be  the  eiact  pal£ 
described  by  its  projectile  through  the  air,  there  would  be  no  necessity  for 
obtaining  any  data  for  range  tables  as  we  now  dd  with  each  nature  Of  gun,  by 
firing  a  number  of  rounds  at  Shoeburyness. 

We  cannot)  however,  as  yet  determine  by  mere  calculation  with  sufficient  Bange  tablet, 
exactness  what  the  trajectory  of  a  given  piece  will  be,  although  when  the  angle 
of  elevation  is  small,  we  can  approximate  to  it  Very  nearly. 

This  subject  of  trajectories,  however^  is  one  of  theoretical  gunnery,  and  will 
be  found  treated  of  elsewhere.^ 

In  order  to  make  auite  certain  that  our  range  tables  are  made  out  from  data 
obtained  under  conoitions  analogous  to  those  which  prev^  on  service,  the 
following  method  is  pursued  : — 

A  specimen  gun  of  the  new  nature  to  be  introduced  t  is  fired  at  Shoebury- 
ness with  the  diarge  and  projectile  as  settled  by  previous  experimental  firing 
at  the  RG.F.  Butts  and  elsewhere,  a  number  of  rounds  are  fired  at  a  given 
angle,  and  the  mean  range  carefully  measured  ;  the  angle  of  elevation  is  then 
changed  and  a  new  series  of  rounds  fired,  and  so  on  ;  from  the  data  so  obtained 
a  curve  is  then  constructed  as  shown  in  Plate  E.  at  end  of  the  book,  where  the 
practice  curve  of  a  38-ton  gun  with  a  charge  of  130  lbs.  of  powder  and  800  lbs.  How  obtained* 
shot  is  given,  the  ordinates  representing  the  angles  of  elevation,  and  the 
absciss®  the  coiresponding  ranges ;  by  means  of  this  curve  we  can,  taking  any 
Bxigle  of  elevation,  at  once  obtain  the  range  corresponding  to  it  for  that  par- 
ticular nature  of  gun,  or  vice  versd. 

In  a  similar  manner  are  obtained  the  times  corresponding  to  any  given  range 
for  that  gun,!t  and  from  such  curves  the  range  tables  given  at  pp.  386,  427  are 
constructed  bv  interpolation. 

For  direct  nre  tiiese  tables  give  us  most  of  the  information  we  require,§  but 
for  indirect  and  for  curved  fire  we  want  more  detailed  data^  including 
especially  the  an^le  of  descent,  with  different  charges  and  elevation,  in  order  to 
know  the  facilities  given  by  our  guns  for  breachi^  revetments,  &a,  &c.,  when 
covered  by  glacis  or  otherwise,  or  for  throwing  our  shells  just  over  the  crest  of 
a  work. 

From  theoretical  considerations  we  can  find  the  angle  of  descent  from  the 
formula  of  Professor  H61ie,||  given  in  note  below,  or  by  the  mode  employed 
by  Professor  Bashforth,  vide  p.  63  of  his  work.  Vide  also  Captain  Sladen's 
work  already  mentioned. 


*  Prinojples  of  Chiimexy  Bifled  Ordnance,  by  Captain  Sladen,  B.A.,  Profesior  of 
Artillery,  &.M.  Academy.  Tide  also  a  paper  by  Oskptain  Kensington,  B.A.,  Pto- 
oeedings  B.A.I.,  Yol.  DC.,  Nos.  8  and  4. 

t  Or  of  an  existing  lerrioe  nature  fired  under  new  oonditions  as  to  powder,  pio- 
jeoialee,  &c. 

t  A  stop  dock  being  employed  for  aeoertaining  the  time  of  flight  for  every  round 
fixed. 

§  And,  as  explained  at  p.  840,  we  can  from  these  data  work  backwards,  and  obtain 
the  M.y.  if  necessary. 

II  Tan.  e=t»ngt.  (angle  of  descent)  -=^^  +  ^^^  -tan  d. 

V  OOB'a     2006'a 

Where  aaaangle  of  elevation.  V—7t  ^ 

Xarange.  y 

?7»*  f^\  _0*026  for  1,200  f.».  and  above  li^i,  ^i^^^i.^  «wv4.w**;i^ 
Z-^  W  =0^20  for  1,200  f ...  and  below  / ^"^  «l<»gated  projectdes. 

B? 
C »  ft^ .       &  a  0*00181  for  elongated  projeofcOes. 

B »  radius  of  projectile.       W  "-weight  of  projectile. 
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APPENDIX  V. 


Ramgk   Tables.* 

Rakob  Table  for  7-Pr.  R.M.L.  Gun  of  150  lbs.    (SteeL) 

Charge  4  02a.  F,6.  powder. 
Projectile,  double  shell. 


Bange. 

EleTation. 

Fuze 

Soale. 

Btt^e. 

XHemtion. 

Fuze 
Scale. 

Yards. 

0  / 

Yards. 

0  / 

80 

1  7 

ii 

1,080 

19  22 

16-5 

130 

1  37 

1*5 

1,100 

19  50 

17 

160 

2  7 

2 

1,130 

20  36  . 

17-6 

aoo 

2  37 

2-5 

1,160 

21  4 

18 

280 

8  7 

8 

1,180 

21  62 

18-6 

270 

8  44 

8*6 

1,200 

22  28 

19 

810 

4  21 

4 

1,220 

22  56 

19'5 

840 

4  46 

4-6 

1,250 

23  46 

20 

880 

6  28 

6 

1,270 

24  17 

20 '6 

420 

6  0 

6-6 

1,290 

24  49 

21 

450 

6  81 

6 

1,310 

26  21 

21*5 

480 

7  2 

6  6 

1,380 

26  68 

22 

610 

7  83 

7 

1,360 

26  46 

22-6 

660 

8  16 

7-6 

1,380 

27  21 

23 

680 

844 

« 

8 

1,400 

27  67 

23-5 

610 

9  22 

8-6 

1,420 

28  S3 

24 

650 

10  7 

9 

1,440 

29  9 

24-6^ 

680 

10  43 

9-6 

1,460 

29  46 

26 

710 

11  19 

10 

1,480 

30  21 

26-5 

740 

11  66 

10-6 

1,600 

80  67 

26 

770 

12  32 

11 

1,620 

81  33 

26-6 

800 

13  9 

11-6 
12 

1,640 

82  9 

27 

880 

13  46 

1,660 

32  46 

27-6 

860 

14  28 

12-6 

1,680 

88  28 

28 

1 

890 

16  0 

13 

1,600 

34  0 

28-5 

910 

16  26 

13-6 

1,610 

34  22 

29 

940 

16  6 

14 

1,630 

86  8 

29*6 

970 

16  48 

14-6 

1.650 

86  46 

80 

1,000 

17  30 

16 

1,020 

17  66 

15*6 

1,050 

18  38 

16 

*  Bange  Tables  for  projectiles  with  gas  checks  which  are  not  given  ia  these 
Tables,  wiU  shortly  be  issued,  and  should  be  interleayed  in  the  book. 
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Rajm>b  Table  for  7-Pb.  MX.  SnasL  Gun  of  150  lb. 


Charge,  6  oz.  F.G.  powder. 
Projectile,  common  shell. 


- 

Bange. 

Eleration. 

Fuze 

Sdale. 

Bange. 

Eleyation. 

Fuze 
Scale. 

Yards. 

o      / 

Yards. 

o     ♦ 

130 

0  80 

1 

1,440 

9  48 

18*6 

190 

0  49 

1-5 

1,480 

10  16 

14 

250 

1    8 

2 

1,520 

10  80 

14-5 

810 

127 

2*5 

1.570 

11    0 

15 

870 

1  46 

8 

1,610 

11  27 

15*5 

480 

2    5 

8-5 

1,650 

11  54 

16 

480 

2  21 

4 

1,690 

12  21 

16-5 

540 

2  48 

4-5 

1.780 

12  48 

17 

GOO 

8    5 

5 

1,770 

18  15 

17-5 

660 

8  25 

6-5 

1,800 

18  87 

18 

700 

8  45 

6 

1,840 

14    4 

18-5 

760 

4    5 

6*5 

1,870 

14  28 

19 

810 

480 

7 

1,910 

14  55 

19-5 

870 

4  55 

7-5 

1,950 

15  22 

20 

9») 

5  17 

8 

1,980 

15  47 

20-5 

970 

589 

8-5 

2,010 

16  12 

21 

1,080 

6    2 

9 

2,050 

16  45 

21-5 

1,070 

6  25 

9-5 

2,080 

17  15 

22 

1,180 

6  49 

10 

1,170 

7  18 

10-5 

1,280 

7  87 

11 

1,260 

7  58 

11-6 

1,310 

8  28 

12 

1,850 

8  50 

12-5 

1,400 

9  20 

18 
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Bakoe  Taslb  for  T-Fr.  BMJm  Quh  of  SOO  lbs.    (5/^/.) 


Charge,  4  oz.  F.Q.  powder. 
Projectile,  doable  shell. 


Bange. 

EkTation. 

Face 
Scale. 

Banga. 

Eleration. 

Fuze 
Scale. 

Yards. 

O        f 

Yards. 

o      / 

700 

8  12 

8*6 

1,420 

21  28 

20 

780 

844 

9 

1,460 

21  68 

20-5 

760 

9  16 

9-6 

1,470 

22  88 

21 

800 

948 

10 

1,600 

28  10 

21*6 

890 

10  20 

10*5 

1,620 

28  48 

22 

860 

10  62 

11 

1,560 

24  28 

225 

900 

11  24 

11-6 

1,670 

26    7 

28 

980 

11  66 

12 

1,600 

26  48 

28*6 

960 

12  28 

12*5 

1,620 

26  88 

24 

1,000 

18    0 

18 

1,660 

27  18 

24-6 

1,080 

18  86 

18-5 

1,670 

28    8 

25 

1,060 

14  12 

14 

1,700 

28  60 

26*5 

1,100 

14  48 

145 

1,720 

29  88 

26 

1,180 

16  24 

16 

1,740 

80  16 

26*5 

1,160 

16    0 

16-6 

1,760 

80  69 

27 

1,200 

16  86 

16 

1,780 

81  42 

27*5 

1,280 

17  16 

16-5 

1,800 

82  46 

28 

1,260 

17  66 

17 

1,820 

88  6 

28-5 

1,800 

18  88 

17-6 

1,840 

88  46 

29 

1,820 

19  10 

18 

1,860 

84  26 

29-5 

1,860 

19  42 

18*6 

1,880 

86    6 

80 

1,870 

20  14 

19 

1,400 

20  48 

19-6 
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Range  Tablb  for  7-Pr-  R.M.L.  Gun  of  200  lbs.    (Steel) 


Charge,  12  oz.  F.G.  powder. 
Projectile,  common  shell. 


Kange. 

Elevation. 

Fuze 
Scale. 

Bange. 

Eleration. 

Fuze 

Scale. 

Yards. 

•    / 

Yards. 

o      / 

160 

0  30 

1 

2,060 

8    8 

16 

210 

0  4t% 

1-5 

2,110 

8  20 

16*6 

320 

0  58 

2 

2.160 

8  87 

17 

400 

1  12 

2-5 

1 

2,210 

8  54 

17-6 

470 

1  26 

3 

2,260 

9  12 

18 

550 

1   10 

3-5         , 

2,300 

9  30 

18*6 

G20 

1  51 

4 

2,350 

9  48 

19 

700 

2    9 

4-5 

2,390 

10    6 

19-5 

770 

2  22 

5            1 

2,440 

10  24 

20 

810 

2  36 

5-5 

2,480 

10  42 

20-5 

910 

2  51 

0 

2,530 

11    2 

21 

Q70 

3     6 

6-5 

2,570 

11  20 

21*5 

1,010 

3  21 

^            , 

2,610 

11  38 

22 

1,100 

3  36 

7-5        ' 

2,650 

11  56 

22-5 

1,170 

8  51 

8 

2,690 

12  14 

23 

1,230 

4    6 

8-5 

2,730 

12  31 

23^5 

1,290 

4  21 

9 

2,770 

12  48 

24 

1,350 

4  36 

9-5 

1 

2,810 

13    5 

24-6 

1,410 

4  51 

10 

2,850 

13  22 

25 

1,470 

5    6 

10-5 

2,890 

13  39 

25-5 

1,530 

5  21 

11 

2,920 

13  56 

26 

1,580 

5  37 

11-5 

2,960 

14  13 

26-5 

1,610 

5  53 

12 

2,950 

14  SO 

27 

1,690 

6    9 

12-5 

8,030 

14  47 

27-6 

1,750 

0  25 

13 

3,070 

15    4 

28 

1,800 

6  41 

13-5 

3,100 

15  21 

28 '6 

3,860 

6  57 

14 

8,130 

15  38 

29 

1,910 

7  13 

14-5 

3,170 

15  55 

29*5 

1,960 

29 

15            ! 

1 

3,200 

16  12 

80 

2,010 

7  46 

15-5 

(CO.) 


2c 
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RiKOE  Ta^jjb  for  9-Pb.  ILMii.  Gxm  of  8  aad  6  cwt- 


Charge,  1  lb.  12  oz.  R.L.O.  powder. 
Projectile,  shrapnel  ahelL 


Honge. 

Eleratlon. 

Fiue 
Scale. 

Bange. 

EleTalion. 

Fuze 

Scale. 

Yards. 

o      / 

Yards. 

o      / 

200 

0    6 

1 

2,600 

6  69 

16 

820 

0  15 

1-6 

2.660 

7  16 

16-6 

420' 

0  28 

2 

2,730 

7  83 

17 

620 

0  41 

2*6 

2,790 

7  60 

17*5 

620 

0  64 

8 

2,860 

8    7 

18 

720 

1    7 

8*6 

2,920 

8  24 

18-5 

820 

1  20 

4 

2,980 

8  42 

19 

910 

1  82 

4*5 

8,040 

9    0 

19-5 

1,000 

1  44 

6 

8,100 

9  18 

20 

1,090 

1  66 

6-5 

8,160 

9  86 

20-5 

1,180 

2    9 

6 

8,220 

9  66 

21 

1,260 

2  22 

6*5 

8,280 

10  14 

21-5 

1,840 

2  86 

7 

8,840 

10  83 

22 

1,420 

2  47 

7-6 

8,400 

10  63 

22-5 

1,490 

8    1 

8 

8,460 

11  18 

23 

1,570 

3  15 

8-6 

8,510 

11  83 

23-5 

1,640 

8  29 

9 

8,660 

11  63 

24 

1,710 

8  43 

9*6 

8,620 

12  12 

24-5 

1,780 

8  67 

10 

8,670 

12  31 

25 

1,860 

4  11 

10-6 

8,780 

12  60 

25-5 

1,920 

4  26 

11 

8,780 

13    9 

26 

1,990 

4  89 

11-5 

8,840 

13  28 

26-5 

2,060 

4  64 

12 

8,900 

13  47 

27 

2,130 

6    9 

12-5 

8,950 

14    6 

27-5 

2,200 

6  24 

13 

4,000 

14  24 

28 

2,270 

6  89 

13-6 

4,060 

14  42 

28-5 

2,840 

6  64 

14 

4,100 

15    0 

29 

2,400 

6  10 

14-6 

4^150 

15  17 

29-5 

2,470 

6  26 

15 

4^200 

16  83 

80 

2,630 

642 

16-6 

N.B. — Common  shell  being  lighter 
farther  nith  the  same  eleyation. 


than  shrapnel,  ranges  about  100  yards 
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Bakob  Tablb  for  9-Pb.  B.M.L.  Qvs  of  6  cwt  S.S. 


Charge, 

1  lb.  8  oz. 

Projectile,  common  shell. 

Bange. 

Eleration. 

Fuze 
-Soole. 

Bange. 

Eleration. 

Faze 
Scale. 

Tards. 

o       / 

Yards. 

0        / 

190 

0  18 

1- 

2',520 

7  63 

16 

280 

0  80 

1-6 

2,680 

8  10 

16-6 

880 

0  44 

2- 

2,680 

8  26 

17* 

480 

0  68 

2-6 

2,690 

8  43 

17-6 

670 

1  12 

8- 

2,740 

9    0 

IS- 

660 

1  26 

8-6 

2,800 

9  18 

IS -6 

740. 

1  89 

4  0 

2,860 

9  86 

19- 

880 

1  63 

4*6 

2,900 

9  64 

19-6 

920 

a   7 

6- 

2,960 

10  12 

20* 

1,010 

2  21 

6-6 

8,000 

10  80 

20*6 

1,090 

2  86 

6- 

3,060 

10  48 

21* 

1,170 

249 

6*6 

3,100 

11    7 

21-5 

1,260 

a  8 

7- 

8,160 

11  27 

22- 

1,880 

8  18 

7*6 

8,200 

11  47 

22-6 

1,410 

8  33 

8* 

8,240 

12    7 

28- 

1,490 

8  48 

8*6 

8,280 

12  28 

28*6 

1,670 

4    3 

9* 

8,880 

12  49 

24- 

1,660 

4  19 

9-6 

8,870 

13  10 

24-6 

1,780 

4  86 

10* 

3,410 

18  82 

25- 

1,800 

4  61 

10*5 

8,460 

18  66 

26-5 

1,870.. 

6    7 

11- 

3,490 

14  18 

26* 

1,940 

6  23 

11*6 

3,630 

14  42 

26-6 

2,010 . 

6  89 

12- 

8,660 

16    6 

27- 

2,080 

6  66 

12*6 

8,600 

16  81 

27-5 

2,160 

6  13 

IB- 

8,680 

16  67 

28- 

2,210 

6  30 

IS -6 

8,660 

16  24 

28-6 

2,280. 

6  47 

14- 

8,700 

16  62 

29- 

2,840 

7    8 

14*6 

8,780 

17  22 

29*6 

2,400 

7  20 

16* 

8,760 

17  63 

80- 

2,460 

7  87 

16*6 

(c.o.) 


2o2 
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Rakob  Table  for  16-pr.  R.M.L.  Guk  of  12  cwt. 


Charge,  3  lbs.  R.L.O.  powder. 
Projectile,  common  and  shrapnel  shell. 


B«Dge. 

Eleration. 

Faze 
Scale. 

Bange. 

Eleratdon. 

Fuxa 
Scale. 

Yardf. 

o      / 

Yards. 

0       t 

200 

0    0 

1 

2,680 

6    6 

16 

290 

0    6 

1-$ 

2,650 

620 

16*5 

890 

0  16 

2 

2,710 

6  87 

17 

480 

0  28 

8-6 

2,780 

6  60 

17-6 

670 

0  40 

8 

2,840 

7    8 

18 

660 

0  62 

8-6 

2,910 

7  16 

18*5 

760 

1    4 

4 

2,970 

7  29 

19 

8iO 

1  16 

4-6 

8,040 

7  42 

19-5 

920 

1  28 

6 

3,100 

7  66 

20 

1,010 

1  40 

6-5 

3,160 

8    8 

20-5 

1,090 

1  52 

6 

3,220 

8  21 

21 

1,170 

2    4 

6-5 

8,280 

8  34 

21-6 

1,260 

2  16 

7 

3,330 

8  47 

22 

1,330 

2  28 

7-5 

3,390 

9    0 

22*5 

1,410 

2  40 

8 

3,450 

9  13 

88 

1,490 

2  62 

8-5 

8,510 

9  26 

28-6 

1,570 

d    4 

9 

3,560 

9  39 

24 

1,650 

3  16 

9-5 

8,620 

9  62 

24*6 

1,720 

8  28 

10 

3,680 

10    6 

25 

1,800 

3  40 

10-6 

3,730 

10  18 

26*5 

1,870 

8  62 

11 

3,790 

10  81 

26 

1,950 

4    6 

11-5 

3,810 

10  44 

26-6 

2,020 

4  18 

12 

3,890 

10  57 

27 

2,090 

4  81 

12-5 

8,940 

11    0 

27-5 

2,160 

4  44 

13 

3,990 

11  14 

28 

2,230 

4  67 

13  6 

4,040 

11  28 

28-5 

2,300 

6  10 

14 

4,090 

11  42 

29 

2,370 

6  24 

14-6 

4,140 

11  66 

29-5 

2,440 

5  88 

15 

4,190 

12  10 

80 

2,510 

5  62 

16-6 
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Ranox  Tablb  for  25-Fr.  B.M.L.  Ocn  of  18  owt. 


Charge,  4  lbs.  B.L.O.  powder. 
Projectile,  common  and  shrapnel  shell. 


Bange. 

Eleration. 

Fuse 

Scale. 

Bange. 

EleTation. 

Fuse 

Scale. 

Tarda. 

o  / 

Yards. 

o  / 

210 

0  19 

I 

2,700 

6  88 

16 

800 

0  28 

1-5 

2,770 

649 

16-5 

S90 

0  87 

2 

2,840 

7  6 

17 

480 

0  46 

2-5 

2,910 

7  81 

17-6 

570 

0  56 

8 

2,980 

7  87 

18 

660 

1  6 

8-5 

8,050 

7  58 

18-5 

750 

1  16 

4 

8,120 

8  9 

19 

a40 

1  27 

4-5 

8,190 

8  25 

19*6 

980 

1  89 

5 

8,260 

841 

20 

1,020 

1  51 

5-5 

8,880 

8  58 

20*5 

1,100 

8  8 

6 

8,400 

9  15 

21 

1,180 

8  14 

6-6 

8,470 

9  88 

21*5 

1,260 

2  25 

7 

8,540 

9  61 

82 

1,340 

2  87 

7-5 

8,600 

10  9 

82*6 

1,420 

2  49 

8 

8,600 

10  26 

28 

1,500 

8  1 

8-5 

8,720 

10  48 

28*6 

1,580 

8  13 

9 

8,780 

11  0 

« 

24 

1,660 

8  25 

0*5 

8,840 

11  17 

24*6 

1,740 

8  88 

10 

8,900 

11  84 

86 

1,820 

8  51 

10-6 

8,960 

11  51 

26*6 

1,900 

4  4 

11 

4,020 

12  8 

26 

1,980 

4  17 

11-5 

4,080 

12  25 

26*6 

8,060 

4  81 

12 

4,180 

18  48 

87 

2,140 

4  45 

12*5 

4,180 

18  68 

27*6 

2,220 

4  59 

18 

4,280 

18  14 

28 

8,800 

5  18 

18-5 

4,280 

18  80 

88*6 

8,880 

5  89 

14 

4,880 

18  46 

29 

2,460 

5  45 

14  6 

.4,880 

14  2 

29*6 

2,510 

6  1 

15 

4,480 

14  18 

80 

2,620 

6  17 

15  5 
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Baxob  Table  for  40<Pb.  BMJL.  Quh  of  85  cwt. 


Charge,  7  lbs.  B.L.O.  powdsr. 

Projectllei  commoa  shell  with  g»s  oheck,  40  lbs. 


Bange. 

Ekration. 

Fuze 
Scald. 

Bange. 

£leTa*ion. 

Fuze 
Scale. 

Yards. 

o      / 

Yards. 

o 

220 

0  19 

1 

2,870 

627 

16 

840 

0  80 

1-6 

4940 

640 

16-5 

460 

0  41 

2 

8,010 

6  68 

17 

670 

0  62 

2*6 

8,080 

7    7 

17-6 

too 

1    8 

8 

8,160 

7  21 

18 

i780 

1  14 

8-6 

8,220 

7  85 

18-5 

680 

1  26 

4 

8,290 

X  7  49 

19 

980 

1  86 

4*6 

8,860 

8    2 

19-6 

1,080 

147 

6 

8,410 

8  16 

20 

1,170 

1  68 

6-£ 

8,470 

8  28 

20-5 

1.260 

2  10 

6 

8,680 

8  41 

21 

1,860 

2  22 

6-5 

4590 

8  64 

21*5 

li440 

284 

7 

4650 

9    7 

22 

1,580 

246 

.7-6 

8,710 

920 

22-5 

1>620 

2  69 

6 

8,770 

9  88 

28 

1,710 

8  12 

8-5 

8,830 

9  46 

28*5 

1,790 

8  26 

9 

8,890 

9  69 

24 

1,870 

8  88 

9-6 

8,950 

10  12 

24-5 

1,960 

8  61 

10 

4,010 

10  25 

25 

4030 

4    4 

10-6 

4,070 

10  42 

25-6 

4110 

4  17 

U 

4,120 

10  64 

26 

9490 

4  80 

11-6 

4^170 

11    4 

26-6 

2,270 

448 

12 

4,220 

11  16 

27 

2^60 

466 

12-6 

4^270 

11  28 

27-6 

4480 

6    9 

18 

4,820 

11  4p 

28 

2,610 

5  22 

18-6 

4^870 

11  62 

28*6 

4690 

6  86 

14 

4^420 

12    4 

29 

4660 

648 

14-6 

• 

4,470 

12  16 

29*6 

2,780 

6    1 

16 

4,610 

12  28 

80 

4800 

6  14 

16-5 

895 


Eakqe  Tjlblb  for  64-Pb,  R.M.L.  Gdn,  64  cwt.  and  64-Pb. 
CoNVEBTED  QuNS  of  71  and  58  cwts. 

Charge,  8  lbs.  BX.Q  powder. 
Projectile,  common  shell. 


Bange. 

Elerafcion. 

Fuze 
Scale. 

Bange. 

Elevation. 

Fuze 

.    Scale. 

?ardB. 

o      / 

Yards. 

o      / 

170 

0  17 

1 

2,850 

6  34 

16 

260 

0  26 

1-5 

2,410 

646 

16-5 

860 

0  86 

2 

2,470 

6  48 

17 

430 

0  46 

2-5 

2,530 

6  10 

17-6 

610 

0  66 

8 

2,590 

6  22 

18 

690 

1    6 

8-5 

2,650 

6  34 

18*6 

670 

1  16 

4 

2,710 

6  46 

19 

760 

1  26 

4*6 

2,770 

6  68 

19*6 

880 

1  86 

6 

2,830 

7  11 

20 

910 

1  46 

6-6 

2,890 

7  24 

20-6 

980 

1  56 

6 

2,940 

7  87 

21 

1,060 

2    6 

e-6 

8,000 

7  60 

21*6 

1.140 

2  16 

9 

8,060 

8    8 

22 

1,210 

2  26 

7-6 

8,110 

8  16 

22 -6  ■ 

1,290 

2  87 

8 

8,170 

8  29 

28 

1,360 

2  48 

8*6 

8,220 

8  42 

28-6 

1,480 

2  69 

9 

8,280 

8  66 

24 

1,500 

8  10 

9*6 

*8,330 

9    .8 

24-6 

1.570 

8  21 

10 

8,880 

9  21 

26 

1,G40 

8  82 

10-6 

8,440 

9  84 

26*5 

1,710 

8  48 

11 

8,490 

9  47 

26 

1,780 

8  64 

11-6 

8,540 

10    0 

26-6 

1,850 

4    6 

12 

8,590 

10  13 

27 

1,910 

4  16 

12-6 

8,640 

10  26 

27-6 

1,980 

4  27 

13 

8,690 

10  89 

28 

2,040 

4  88 

13-6 

8,740 

10  62 

23*6 

2,110 

4  49 

14 

8,790 

11    6 

29 

2,170 

5    0 

14*6 

8,840 

11  18 

29-6 

2,230 

6  11 

16 

8,890 

11  30 

80 

2,290 

6  22 

15-5 

396 


Ravob  Table  for  64-Ph.  R.M.L.  of  64  cwt. 


Charge,  10  lbs.  RX.0  powder. 
Projectile,  common  shell. 


Bulge. 

• 

Eleration. 

Fuze 
Scale. 

Bange. 

Eleration. 

Fuze 
Scale. 

Ttfds. 

e     / 

1 

Yard*. 

o      / 

leo 

0  12 

1 

2,580 

5  21 

16 

250 

0  19 

1-6 

2,680 

6  88 

16-6 

Sdo 

0  27 

2 

2,780 

5  45 

17 

420 

0  85 

2-5 

2,800 

5  58 

17-6 

60O 

0  48 

8 

2,870 

6  11 

18 

690 

0  51 

8-5 

2,960 

6  2i 

18-5 

C70 

0  59 

4 

3,020 

6  37 

19 

760- 

1    7 

4*5 

8,090 

6  50 

19-5 

MO 

1  16 

5 

3,160 

7    4 

20 

980 

1  25 

5*5 

8,280 

7  18 

20-5 

1,010 

1  84 

6 

8,300 

7  32 

21 

1,090 

1  48 

ff'5 

8,870 

7  46 

21*6 

1,170 

1  52 

7 

8,440 

8    0 

22 

1,260 

2    2 

7  5 

8,510 

8  14 

22*5 

1,840 

2  18 

8 

3,580 

8  28 

28 

1,420 

2  24 

8-5 

1 

8,650 

8  42 

23*5 

1,500 

2  85 

•       9 

8,710 

8  66 

24 

1,590 

2  46 

9*5 

• 

3,780 

9  10 

24*5 

1,670 

2  57 

10 

8,850 

9  24 

25 

1,760 

8    9 

10-5 

8,920 

9  38 

25-5 

1,880 

8  21 

11 

3,980 

9  52 

26 

1,910 

8  88 

U-5 

4,050 

10    6 

26*5 

1,990 

8  45 

12 

4,120 

10  20 

27 

2,060 

8  57 

12-5 

4,180 

10  84' 

27-5 

2,140 

4    0 

13 

4,250 

10  49 

28 

2,210 

4  21 

13-5 

4,310 

11    4 

28  5 

2,290 

4  88 

14 

4,380 

11  19 

29 

2,860 

445 

14-5 

4,440 

11  84 

29-5 

%440 

4  57 

15 

4,510 

11  50 

80 

2,610 

6 

15-5 

397 


Range  Table  for  64-Pr.  Rifled  M.L.  Gvs  of  64  cwt. 


Charge,  battering  12  lb.  R.L.G. 
Projectile,  battering  with  gas-check,  901b. 


Range. 

£leT»tion. 

Bange. 

Eleration. 

Yards. 

0           / 

Yards. 

o        / 

100 

— 

1,800 

2    18 

200 

— 

1,400 

2    33 

800 

— 

1,500 

2    48 

400 

0    10 

1,(500 

8      3 

600 

0    23 

1,700 

3     18 

600 

0    86 

1,800 

8    81. 

700 

0    50 

1,900 

3    60 

800 

1      4 

2,000 

4      6 

900 

1    18 

2,100 

4    22 

1,000 

1    38 

2,200 

4    88 

1,100 

1    48 

2,800 

4    54 

1,200 

2      3 

2,400 

5    11 

398 


Range  Tabls  for  80-Pr.  (Tonvebted  B.M.L.  6uk  of  5  tons. 

Charge,  10  lb.  R.L.O.  powder. 
ProjectOe,  common  shelL 


B*nge. 

Eleration. 

Fuze 
Scale. 

Range. 

ElcTation. 

Fuze 
Scale. 

Yardf. 

o     § 

Yard*. 

o     / 

160 

0  16 

1 

2,440 

5  66 

16 

230 

0  26 

1-6 

2,510 

6    9 

16-5 

810 

0  86 

2 

2,570 

6  21 

17 

890 

046 

2-6 

2,640 

6  34 

17-6 

470 

0  56 

8 

2,700 

6  46 

18 

650 

1    6 

8-6 

2,770 

V    0 

18*6 

630 

1  16 

4 

2,830 

7  13 

19 

710 

1  27 

4-6 

2,890 

7  26 

19*5 

790 

1  88 

6 

2,960 

7  40 

20 

870 

1  49 

6*5 

8,020 

7  68 

20*6 

960 

2    0 

6 

8,090 

8    8 

21 

1,030 

2  11 

6-6 

8,150 

8  22 

21-6 

1,110 

2  22 

7 

8,210 

8  36 

22 

1,190 

2  83 

7-5 

8,270 

8  50 

22-6 

1,270 

244 

8 

8,330 

9    4 

28 

1,350 

2  55 

8-6 

8,390 

9  18 

23*5 

1,420 

8    6 

9 

8,450 

9  32 

21. 

1,500 

8  18 

9-5 

8,500 

9  46 

24-5 

1,680 

8  30 

10 

3,560 

10    0 

25 

1,650 

8  42 

10-6 

8,610 

10  14 

25-5 

1,720 

8  54 

11 

8,670 

10  28 

26 

1,800 

4    6 

11-6 

8,720 

10  42 

26  5 

1,870 

4  18 

12 

8,780 

11    0 

27 

1,950 

4  30 

12*5 

3,830 

11  14 

27-6 

2,020 

442 

13 

8,890 

11  30 

28 

2,090 

4  54 

13*6 

8,940 

11  44 

28*6 

2,160 

6    6 

14 

3,990 

12    0 

29 

2,230 

6  18 

14-5 

4,040 

12  16 

29-6 

2,300 

5  80 

16 

4,080 

12  32 

30 

2,370 

5  43 

15-5 

, 

«99 


Range  Tablb  for  7-inch  R.M.L.  Gun  of  90  owt. 
Charge,  22  lb.  P  powder. 


Projectile— Falliaer,  Shrapnel,  or  Common  Shell. 

—  At      »*%  • 

Double  Shell. 

Distanoe 

of 
Object. 

i 

Time  of 
Flight. 

Fuze 
Scale. 

M 

a 

1 

• 

A     ^ 

• 

1 

Time  of 
Flight. 

TdB. 

o      / 

0 

Yds. 

O         ( 

tt 

Yds. 

o      / 

n 

MO 

— 

0*36 

1-0 

2,110 

4  21 

5*93 

14-5 

100 

— 

0-27 

200 

0    1 

0*54 

1-5 

2,190 

4  38 

616 

15  0 

200 

— 

0-54 

260 

0    9 

0-72 

2-0 

2,260 

4  45 

6-39 

15-5 

300 

0  12 

0-82 

8dO 

0  15 

0-90 

2-5 

2,330 

4  57 

6-63 

16  0 

-400 

0  26 

110 

400 

0  22 

1-09 

8  0 

2,410 

5    8 

6-87 

16-5 

500 

0  40 

1-39 

470 

0  81 

1-28 

3-5 

2,490 

5  20 

7-11 

17-0 

600 

0  54 

1-69 

550 

0  40 

1-47 

4-0 

2,570 

6  82 

7-85 

17-5 

700 

1    9 

1-99 

630 

0  49 

1-66 

4-5 

2,640 

544 

7-60 

18-0 

800 

1  24 

2-80 

700 

0  68 

1-85 

5  0 

2,720 

5  66 

7-85 

18-5 

900 

1  89 

2-61 

780 

1    8 

205 

5-5 

2,800 

6    8 

8- 10 

19-0 

1,000 

1  55 

2*92 

850 

1  18 

2-25 

6  0 

2,870 

6  20 

8-35 

19-5 

1,100 

2  11 

8-28 

920 

1  28 

2-45 

6-5 

2,940 

6  82 

8-60 

20  0 

1,200 

2  27 

3-64 

990 

1  88 

2-65 

7-0 

8,020 

6  M 

8-85 

20-5 

1,300 

2  44 

8-85 

1,060 

1  48 

2-85 

7*5 

3,090 

6  56 

911 

21-0 

1,400 

3    1 

4- 16 

1,130 

1  58 

805 

8  0 

3,170 

7    8 

9*38 

21-6 

1,500 

3  18 

4-47 

1,200 

2    8 

3-26 

8-5 

8,250 

7  20 

9'65 

22-0 

1,600 

3  35 

4-78 

1,280 

2  19 

3-47 

9  0 

3,320 

7  32 

9-92 

22-5 

1,700 

3  53 

5-10 

1,350 

2  do 

3-68 

9-5 

8,400 

7  44 

10-20 

23  0 

1,800 

4  11 

5-42 

1,430 

2  41 

8-90 

10-0 

3,480 

7  57 

10-48 

23-5 

1,900 

6  29 

5-74 

1,510 

2  52 

4- 12 

10-5 

3,560 

8  10 

10-76 

24  0 

2,000 

4  47 

606 

1,590 

8    3 

4-84 

11  0 

3,680 

8  23 

11-05 

24-5 

2,100 

5    5 

6-33 

1,660 

3  14 

4-56 

11-5 

8,710 

8  36 

11-83 

25  0 

2,200 

5  2i 

6-70 

1,730 

8  25 

4-78 

12  0 

3,790 

8  49 

11-65 

25-5 

• 

2,300 

5  48 

7-02 

1,810 

8  36 

5-01 

12-6 

3,870 

9  03 

11-95 

26  0 

2,400 

6  02 

7-35 

1,890 

«47 

5-24 

18 -O- 

8j9o0 

9  17 

12*26 

26*5 

2,560 

6  21 

7-63 

1,960 

3  58 

5-47 

13-5 

2,040 

409 

5-70 

14  0 

• 

400 


Bakob  Tablb  for  7-iiioh  B.M.L.  Ouir  of  6|  tons. 


Charge,  14  lbs.  ILL.O.  powder. 
Projectile,  common  ahell. 


Bange. 

Sl07Btioil. 

Fuse 
Scale. 

Bange. 

Bleration. 

Foia 
Scale. 

Yttdf. 

o      / 

yards. 

0       / 

170 

0  16 

1 

2,830 

5  21 

16 

850 

0  24 

1-6 

2,890 

5  82 

16-6 

ddo 

0  83 

2 

2,460 

548 

17 

410 

042 

2-5 

2,610 

6  54 

17-6 

480 

0  51 

8 

2,670 

6    6 

18 

560 

1    0 

8-5 

2,680 

6  15 

18 -6 

680 

1  10 

4 

2,680 

6  27 

19 

710 

1  20 

4*6 

2,740 

6  89 

19-5 

790 

1  80 

5 

2,800 

6  49 

20 

870 

1  40 

5*5 

2,850 

7    0 

20-5 

940 

1  50 

6 

2,910 

7  11 

21 

1,010 

2    0 

6-5 

2,960 

7  22 

21-5 

1,090 

2  10 

7 

8,020 

7  83 

22 

1,170 

2  20 

7,5 

8,070 

7  43 

22-5 

1,280 

2  80 

8 

8,120 

7  53 

23 

1,810 

8  40 

8-5 

8,180 

8    8 

23-5 

1,880 

8  50 

9 

8,230 

8  18 

24 

1,450 

8    0 

9-6 

8,280 

8  23 

24-5 

1,530 

8  10 

10 

8,380 

8  83 

25 

1,600 

8  20 

10-5 

8,380 

8  48 

25 -5 

1,660 

8  81 

11 

8,420 

8  63 

26 

1,780 

8  42 

11-5 

3,470 

9    3 

26-5 

1,800 

8  58 

12 

3,520 

9  12 

27 

1,870 

4    4 

12-5 

3,560 

0  21 

27-5 

1,980 

4  15 

13 

3,600 

9  30 

28 

2,000 

4  26 

18-5 

8,640 

9  89 

28-5 

2,070 

4  87 

14 

3,690 

9  48 

29 

2,180 

448 

14-5 

3,740 

9  67 

29-5 

2;200 

4  59 

16 

8,770 

10    5 

30 

2,270 

5  10 

15*5 

401 


Range  Table  for  7-mch  R.M.L.  Oun  of  6|  tons. 

Charge,  22  lb.  ILL.O.  powder. 
Projectile,  Falliser  or  common  shell 


Bange. 

Eleyation. 

Fuze 
Scale. 

Bange. 

Eleration. 

Fuze 
Scale. 

Yards. 

0       / 

Yards. 

0       / 

200 

0  15 

1 

2,470 

4  24 

16 

280 

0  21 

1-5 

2,540 

4  88 

16-6 

370 

0  28 

2 

2,600 

4  42 

17 

450 

0  35 

2-6 

2,660 

4  51 

17-6 

630 

0  42 

3 

2,720 

6    0 

18 

610 

0  49 

3-5 

2,780 

6    9 

18*6 

690 

0  66 

4 

2,830 

6  18 

19 

770 

1    4 

4-6 

2,890 

6  27 

19-5 

850 

1  12 

6 

2,950 

6  36 

20 

940 

1  20 

5*5 

8,000 

6  45 

20*5 

1,010 

1  28 

6 

3,060 

5  64 

21 

1,090 

1  36 

6-5 

8,110 

6    3 

21-6 

1,170 

1  44 

7 

3,170 

6  12 

22 

1,250 

1  52 

7-5 

3,220 

6  21 

22*5 

1,330 

2    0 

8 

3,270 

6  30 

23 

1,410 

2    9 

8-5 

3,320 

6  39 

23-5 

1,480 

2  18 

9 

3,370 

6  46 

24 

1,560 

2  27 

9-5 

3,410 

6  64 

24-6 

1,640 

2  36 

10 

3,460 

7    2 

25 

1,710 

2  45 

10-5 

3,510 

7  10 

25-5 

1,790 

2  64 

11 

3,560 

7  18 

26 

1,860 

3    8 

11-5 

3,600 

7  26 

26-6 

1,930 

3  12 

12 

8,640 

7  34 

27 

2,010 

3  21 

12-5 

3,690 

7  42 

27-6 

2,080 

3  30 

13 

3,740 

7  60 

28 

2,150 

3  89 

13-5 

3,780 

7  68 

28-6 

2,210 

8  49 

14 

8,820 

8    6 

29 

2,280 

3  67 

14-6 

8,860 

8  12 

29-5 

2,360 

4    6 

15 

3,890 

8  18 

30 

2,410 

4  15 

16*6 

m 


IUhox  Tabli^  for;7-]AQk  R-MX.  Oum  of  6^  tons: 


Charge  batterings  30  lb.  P.  powder. 
Projectilet  PaUiser  or  common  ahelL 


Bange. 

'  ElerTation. 

Fuze 
Scfde. 

lUngo. 

Eleration. 

Fuze 
Scale. 

yardi. 

o      / 

YaxdB. 

0      / 

190 

0    9 

1 

8^600 

8  68 

16 

280 

0  16 

1-6 

8,670 

4    7 

16*6 

880 

0  22 

8 

8,740 

4  16 

17 

470 

0  29 

2*6 

2,810 

4  86 

17  B 

660 

0  86 

8 

2^880 

4  84 

18 

660 

043 

3*6 

8,960 

448 

18*6 

740 

0  60 

4 

3,010 

4  52 

19 

830 

0  67 

4-6 

3,080 

6    7 

19*6 

920 

1    4 

6 

8|150 

6  16 

80 

1,000 

1  11 

6*6 

3,210 

6  26 

80-6 

1,090 

1  18 

6 

8,280 

6  34 

81 

1,170. 

1  25 

6-6 

8,340 

6  43 

81-6 

1,260 

1  82 

7 

3,410 

6  62 

22 

1,340. 

1  89 

7-6 

8,470 

6    1 

22*6 

1,420 

1  46 

8 

8,530 

6  10 

28 

1,600. 

1  64 

8-6 

8,600 

6  21 

23*6 

1.580 

2    2 

9 

8,660 

6  30 

24 

1,660 

2  10 

9*6 

8,720 

6  40 

24-6 

1,730 

2  18  . 

10 

8,780 

6  60 

26 

1,810 

2  26 

10-6 

3,840 

7    0 

25*6 

1,880 

2  34 

11 

8,900 

7  10 

26 

1,960 

2  42 

11-6 

3,960 

7  20 

26*6 

2,030 

2  60 

12 

4,020 

7  30 

27 

2,110 

8  68 

12-6 

4,080 

7  40 

27*6 

2,180 

8    6 

18 

4,140 

7  60 

28 

2,250 

8  14 

13-6 

4,200 

8    0 

28*6 

2,320 

8    22    ; 

14 

4,260 

8  10 

29 

2,390 

8  31  , 

14-6  . 

4,310 

8  20 

29*6 

2,460 

3    40; 

16 

4,370 

8  80 

80 

2,530 

3  49 

15-6 

403 


Bangs  Table  ior  7-iacli  IIM.L.  GoH.of  7  tona. 


J.     •. 


Charge,  14  lb.  ILL.G  powder. 
Projectile,  common  ehelL 


. 

Bange. 

Eleratioxi. 

Faze 
Scale. 

Bange. 

EloTation. 

Fuze 
Scale. 

Yards. 

0      t 

Tapd§. 

o      / 

140 

0  15 

1 

2,410 

5  28 

16 

280 

0  24 

1-6 

2,480 

6  89 

16-5 

810 

0  83 

2 

2,540 

6  49 

17 

400 

0  42 

2-6 

2,600 

6  69 

17-6 

480 

0  61 

8 

2,660 

6    9 

18 

660 

1    0 

3*5 

2,720 

6  19 

18-6 

640 

1  10 

4 

2,780 

6  29 

19 

720 

1  20 

4-6 

2,840 

6  89 

19-5 

800 

1  80 

6 

2,900 

6  49 

20 

890 

1  40 

5*6 

2,950 

6  59 

20-5 

960 

1  50 

6 

8,010 

7    9 

21 

1,040 

2    0 

6*5 

8,070 

7  19 

21*6 

1,120 

2  10 

7 

8,120 

7  29 

22 

1,200 

2  21 

7-6 

8,170 

7  89 

22*5 

1,270 

2  82 

8 

8,220 

7  48 

23 

1,850 

2  43 

8*6 

8,280 

7  57 

23*5 

1,430 

2  54 

9 

3,320 

8    6 

24 

1,600 

8    6 

9*6 

3,870 

8  15 

24*5 

1,680 

3  16 

10 

8,420 

824 

25 

1,650 

3  27 

10*5 

8,460 

8  83 

25*5 

1,720 

8  88 

11 

3,610 

8  42 

26 

1,790 

3  49 

11-5 

8,650 

8  50 

26*5 

1,860 

4    0 

12 

8,690 

8  58 

27 

1,930 

4  11 

12*5 

8,680 

9    6 

27-5 

2,010 

4  22 

13 

8,670 

9  14 

28 

2,080 

4  83 

18-6 

8,710 

9  21 

28*6 

2,150 

444 

14 

3,750 

9  28 

29 

2,210 

4  65 

14*6 

8,790 

934 

29*5 

2.280 

5    6 

15 

8,820 

9  40 

80 

2,850 

5  17 

15.5 

40:1 


Rakob  TABta  for  7-inch  RJi.L.  Qxm  of  7  tons. 


Charge,  22  lb.  R.L.G.  powder. 
Projectile,  common  shell. 


Kange. 

Eleyation. 

Fuze 

Bange. 

EleTation. 

Fuxe 
Scale. 

Yards. 

0       / 

Yards. 

o      / 

200 

0  10 

1 

2,590 

4  27 

16 

290 

0  10 

1-5 

2,650 

4  36 

16-5 

370 

0  22 

2 

2,710 

4  45 

17 

470 

0  29 

2-5 

2,780 

4  54 

17-5 

550 

0  36 

3 

2,810 

6    3 

18 

630 

0  43 

3-5 

2,900 

5  12 

18-5 

720 

0  50 

4 

2,950 

5  21 

19 

800 

0  67 

4-5 

3,010 

5  30 

19-5 

890 

1    4 

5 

3,070 

6  39 

20 

930 

1  12 

5-3 

3,130 

5  43 

20-5 

1,050 

1  20 

6 

3,190 

5  56 

21 

1,110 

1  28 

6-5 

3,210 

6    4 

21-5 

1,220 

1  36 

7 

3,290 

6  12 

22 

1,310 

1  41 

7-5 

3,310 

6  20 

22-3 

1,390 

1  53 

8 

3,300 

6  23 

23 

1,470 

2     2 

8-5 

3,410 

6  36 

23-5 

1,550 

2  11 

9 

3,190 

6  41 

21 

1,630 

2  22 

9-5 

3,530 

6  52 

21-5 

1,710 

2  31 

10 

3,580 

6  59 

25 

1,790 

2  40 

10-5 

3,620 

7    6 

23-5 

1,800 

2  49 

11 

3,660 

7  13 

26 

1,940 

2  58 

11-5 

3,710 

7  20 

26-5 

2,020 

3    8 

12            ' 

3,750 

7  27 

27 

2,100 

3  18 

12-5 

1 

3,700 

7  33 

27-5 

2,170 

3  28 

13 

13-5              ; 

3,820 

7  39 

28 

2,2i0 

8  38 

3,SG0 

7  45 

28-5 

2,320 

3  48 

14 

'        3,900 

7  51 

29 

2,380 

3  58 

14-5 

3,930 

7  57 

29-6 

2, 150 

4    8 

15 

3,930 

8    3 

30 

2,523 

4  18 

15-5 

405 


Rakge  Tablb  for  S-inch  KM  L.  Gun  of  9  tons. 

Charge,  20  lb.  R.L.G.  powder 
Projectile,  common  shelL 


Bangc. 

Elevation. 

Fuze 
Scale. 

Bango. 

Elevation. 

Fijzo 
Scale. 

Tarda. 

o       / 

Yards. 

o      / 

170 

0  17 

1 

2,380 

5  28 

16 

250 

0  26 

1-6 

2,450 

5  40 

16-5 

330 

0  35 

2 

2,520 

5  52 

17 

410 

0  44 

2-5 

2,590 

6    4 

17  5 

480 

0  53 

3 

2,650 

6  16 

18 

660 

1    2 

3-5 

2,720 

6  28 

18-5 

640 

1  11 

4 

2,780 

6  40 

19 

720 

1  21 

4-5 

2,8^10 

6  52 

19-5 

790 

1  31 

5 

2,910 

7    4 

20 

870 

1  41 

B-6 

^970 

7  16 

20*5 

940 

1  51 

6 

3,030 

7  28 

21 

1,020 

2    1 

6*5 

3,100 

7  40 

£1*5 

1,090 

2  11 

7 

3,160 

7  51 

22 

1,170 

2  21 

7-5 

3,220 

8    3 

22-5 

1,240 

'      2  31 

8 

3,280 

8  15 

23 

1,320 

2  42 

8*5 

3,340 

8  26 

23-5 

1,390 

2  53 

9 

3,890 

8  37 

24 

1,470 

3    4 

9-5 

3,450 

8  49 

24-^ 

1,540 

S  15 

10 

3,510 

9    1 

25 

1,620 

3  26 

10-5 

3,580 

9  13 

25-5 

1,690 

8  37 

11 

3,630 

9  24 

26 

1,760 

3  48 

11-5 

3,690 

9  36 

26-5 

1,830 

8  59 

12 

3,740 

9  47 

27 

1,900 

4  10 

12-5 

3,800 

9  59 

27-5 

1,970 

4  21 

13 

3,860 

10  11 

28 

2,040 

4  32 

13-5 

3,920 

10  23 

£8-5 

2,110 

4  43 

14 

3,970 

10  35 

29 

2,180 

4  54 

14*5 

4,030 

10  47 

29-5 

2,250 

5    5 

15 

4,080 

10  59 

30 

2,320 

5  16 

15-6 

(CO.) 


2d 


406 


Hakob  Table  for  S-inch  R.H.Ii.  Gtm  of  9  tonfl. 

Charge,  80  lb.  BJIG.  powder. 
Projectile,  Palliaer  or  common  BhelL 


BtJige, 

BleratioD. 

Fiue 
Scale. 

B«ige. 

Bleyation. 

Fuse 

Seala. 

YardB. 

o      / 

Yards. 

o      / 

190 

0  17 

1 

2,600 

4  59 

16 

270 

0  24 

1-6 

2,670 

6  10 

16-5 

860 

0  82 

2 

2,740 

5  21 

17 

440 

0  40 

2*5 

2,810 

6  82 

17-6 

630 

0  48 

8 

2,880 

5  48 

18 

610 

0  56 

8*5 

2,940 

6  64 

18-6 

700 

1    6 

4 

8,010 

6    5 

19 

790 

1  14 

4-5 

8,060 

6  16 

19-5 

880 

1  28 

5 

8,150 

627 

20 

960 

1  82 

6*5 

8,220 

688 

20*6 

1,040 

1  41 

6 

8,290 

649 

21 

1,120 

1  60 

6-6 

8,860 

7    0 

21  6 

1,210 

1  59 

7 

8,480 

7  11 

22 

1,290 

2    8 

7-6 

8,500 

7  22 

22*5 

1,880 

2  17 

8 

8,560 

7  88 

28 

1,460 

2  26 

8 '5 

8,630 

7  44 

23*6 

1,550 

2  86 

9 

8,690 

7  66 

24 

1,680 

2  44 

gns 

8,760 

8    6 

24*5 

1,710 

2  64 

10 

8,820 

8  17 

25 

1,790 

8    4 

10-6 

8,890 

8  28 

25*6 

1,870 

8  14 

11 

8,950 

8  89 

26 

1,940 

8  24 

11-6 

4,010 

860 

26-6 

2,010 

8  84 

12 

4,080 

9    2 

27 

2,090 

8  44 

12  •» 

4,140 

9  14 

27-6 

2,170 

8  64 

18 

4,210 

9  26 

28 

2,250 

4    6 

18-6 

4,270 

9  88 

28*6 

2,820 

4  16 

14 

4.880 

9  50 

29 

2,890 

426 

14*6 

4,400 

10    2 

29*6 

2,460 

4  87 

16 

4^450 

10  14 

80 

2,530 

448 

15-6 

407 


Sanqb'Tablb  Tor  '8-mch  JOLL.  Qxnx  of  9  tons. 

Charge,  85  lb.T.  powder 
Projectile,  Palliser  or  common  Bhell. 


B«ig«. 

Eleration. 

Fuae 

Scale. 

Baage. 

EleTfttion. 

Fvze 
Scale. 

Yaids. 

o      / 

Yards. 

o      / 

180 

0  11 

1 

2,610 

4  68 

16 

270 

0  19 

1-6 

2,680 

5    8 

16-5 

860 

027 

2 

2,740 

6  18 

17 

450 

0  86 

2-6 

2,810 

5  28 

17:6 

640 

048 

8 

2,870 

6  88 

18 

630 

0  61 

8*6 

2,940 

6  44 

18-5 

no 

1    0 

4 

8,000 

6  54 

19 

800 

1    9 

4-6 

8,070 

6    4 

19-6 

^ 

880 

1  18 

6 

8,180 

6  14 

20 

970 

127 

6-6 

8,200 

6  25 

20  !5 

1,050 

1  86 

6 

8,260 

6  86 

21 

1,140 

1  46 

6-6 

8,800 

647 

21*^ 

1,220 

1  64 

7 

8,390 

6  57 

22 

1,310 

2    8 

7-6 

8,460 

7    7 

22-5 

1,890 

2  12 

8 

8,620 

7  17 

23 

1,470 

2  21 

8-6 

8,690 

728 

28-5 

• 

1,650 

280 

9 

8,650 

7  88 

24 

1,630 

2  89 

9*5 

8»720 

749 

24-6 

1,710 

248 

10 

8,780 

759 

25 

1,790 

2  67 

10-6 

8,850 

8    9 

25*5 

1,870 

8    7 

11 

8,910 

8  19 

26 

1,950 

8  17 

11-6 

8,980 

8  80 

26-6 

2,080 

8  28 

12 

4,040 

841 

27 

2,100 

8  89 

12-6 

4,110 

8  52 

27-6 

2,180 

8  60 

18 

4,170 

9    2 

28 

2,250 

4    1 

18-6 

4,280 

9  18 

28-5 

2,880 

4  12 

14 

4^290 

9  21 

29 

2»400 

422 

14*6 

4,860 

9  85 

29*5 

2,470 

4  82 

16 

4,420 

946 

80 

, 

2,540 

448 

16*6 

- 

(CO.) 


9d2 


4i06 


Rai7G£  Table  for  O-inch  R.M.L.  Gun  of  12  torw. 

Charge,  30  lbs.  R.L.G.  powder. 
Projectile,  common  shell. 


Bange. 

Elevation. 

Fuze 

Scale. 

Range. 

Eljration. 

Fuze 
Scalew 

Yards. 

o      / 

Yards. 

o      / 

160 

0  18 

1 

2,580 

6  57 

16 

230 

0  28 

1-6 

2,650 

6    8 

16*5 

830 

0  38 

2 

2,720 

6  19 

17 

420 

0  49 

2-5 

2,790 

6  30 

17-6 

500 

1    0 

8 

2,860 

6  40 

18 

580 

1  11 

8-5 

2,930 

6  51 

18-6 

670 

1  22 

4 

3,000 

7    2 

19 

750 

1  33 

4-5 

3,070 

7  13 

19-6 

830 

1  44 

5 

8,142 

7  24 

20 

920 

1  55 

6-5 

3,210 

7  35 

20-6 

1,000 

2    6 

6 

3,280 

7  47 

21 

1,080 

2  17 

6-6 

3,340 

7  57 

21-5 

1,170 

2  28 

7 

3,410 

8    9 

22 

1,250 

2  40 

7-5 

3,170 

8  20 

22-6 

1,330 

2  52 

8 

3,540 

8  31 

23 

1,420 

3    4 

8-5 

3,600 

8  42 

23-5 

1,500 

8  16 

9 

3,670 

8  54 

24 

1,580 

8  27 

9*5 

3,740 

9    5 

24-5 

1,660 

3  39 

10 

3,800 

9  16 

25 

1,740 

3  51 

10-5 

3,870 

9  28 

25-5 

1,820 

4    3 

11 

3,930 

9  39 

26 

1,900 

4  15 

11-5 

3,^90 

9  50 

26-5 

1,980 

4  27 

12 

4,043 

10    1 

27 

2,060 

4  39 

12-5 

4,100 

10  11 

27-5 

2,130 

4  51 

13 

4,150 

10  21 

28 

2,210 

5    2 

13-5 

4,210 

10  30 

28-5 

2,200 

5  13 

14 

4,260 

10  39 

29 

2,360 

5  24 

14-5 

4,310 

10  48 

29-5 

2,430 

5  35 

15 

4,360 

10  57 

30 

2,510 

5  46 

15-5 

409 


Eange  Table  for  9-mcli  R.M.L.  Gun  of  12  tons. 

Charge,  43  lb.  R.L.G.  powder. 
Projectile,  Palliser  or  commou  sbell. 


Kang'». 

Elevation. 

FuTie 
Scale. 

Range. 

Elevation. 

Fuze 
Scale. 

Yarid. 

o      / 

Yards. 

o      / 

200 

0  18 

1 

2,8.>0 

5  4S 

16 

310 

0  29 

1-5 

2,910 

6    0 

16-5 

410 

0  39 

2 

2,9J0 

6  12 

17 

510 

0  40 

2-5 

3,060 

6  21 

17-5 

620 

0  59 

3 

3,1  JO 

6  36 

18 

720 

1     9 

3-5 

3,210 

6  48 

18-5 

8J0 

1  19 

4 

3,290 

7    0 

19 

910 

1  29 

4-5 

3,360 

7  12 

19-5 

1,000 

1  39 

5 

3,430 

7  24 

20 

1,090 

1  49 

6-6 

3,510 

7  30 

20-5 

1,180 

1  59 

6 

8,580 

7  48 

21 

1,-70 

2    9 

6-5 

3,650 

8    0 

21-5 

1,300 

2  19 

7 

3,720 

8  13 

23 

hi  10 

2  29 

7-5 

3,800 

8  26 

22-5 

1,530 

2  39 

8 

8,870 

8  38 

23 

1,()G0 

2  56 

8-5 

3,910 

8  50 

23-5 

1,790 

3  13 

9 

4,010 

9    2 

24 

1,830 

3  17 

9-5 

4,080 

9  15 

24-5 

1,870 

3  23 

10 

4,150 

9  28 

25 

1,050 

3  3i 

10-6 

4,220 

9  41 

25-6 

2,o:'*0 

3  45 

11 

4,290 

9  54 

26 

2,120 

3  57 

11-5 

4,360 

10    7 

26-5 

2.200 

4    9 

12 

4,430 

10  20 

27 

2,280 

4  21 

12-5 

4,500 

10  33 

27-5 

2,3/0 

4  3i 

13 

4,560 

10  46 

28      • 

2,150 

4  47 

13-5 

4,630 

11    0 

28-3 

2,530 

4  59 

14 

4,700 

11  14 

2J 

2,G10 

5  12 

14-5 

4,770 

11  28 

29^5 

2,nso 

5  24 

15 

4,830 

11  42 

d» 

2,760 

5  86 

15-5 

410 


Rakob  Tabls  for  9-iiich  RILL.  Gun  of  12  tona 

Charge,  battering,  50  lbs.  P.  powder. 
Projectile,  Palliser  or  common  ahelL 


Bwifla. 

VUmHiOL 

Fuxe 

Bangs* 

Blaration. 

Fttie 
Sflaie. 

Yardi. 

o      / 

Yaidf. 

o      / 

180 

0  11 

1 

2,700 

4  68 

16 

280 

0  18 

1-5 

2,770 

5    8 

16-5 

870 

0  25 

8 

2,840 

6  18 

17 

400 

033 

8*6 

2,900 

628 

17-6 

6S0 

0  41 

8 

2,970 

6  88 

18 

640 

0  49 

8-5 

3,080 

6  48 

18*5 

780 

0  57 

4 

3,100 

6  68 

19 

880 

1    5 

4-5 

3,180 

6    8 

19-5 

910 

1  14 

6 

3,280 

6  18 

20 

1,000 

1  28 

5-6 

8,290 

6  28 

20*6 

1,090 

1  32 

6 

3,360 

68& 

21 

1,180 

1  41 

6-6 

8,420 

6  48 

21*5 

1,270 

1  50 

7 

3,490 

6  58 

22 

1,360 

1  59 

7-5 

3,550 

7  a 

22-6 

1,440 

2    9 

8 

8,620 

7  12 

23 

1,520 

2  19 

8-5 

8,680 

788 

23*5 

1,610 

2  29 

9 

8,750 

784 

24 

1,690 

2  39 

9*5 

3,810 

746 

24-5 

1,780 

2  49 

10 

3,880 

7  56 

25 

1,860 

2  58 

10-5 

8,940 

8    7 

25-6 

1,940 

8    9 

11 

4,010 

8  18 

26 

2,080 

8  20 

11-5 

4,070 

8  29 

26*5 

2,100 

3  30 

12 

4,140 

8  40 

27 

2,180 

3  40 

12*5 

4,200 

8  51 

27-6 

%260 

3  51 

13 

4^260 

9   a 

28 

2,330 

4    1 

13-5 

4,380 

9  IS 

28-5 

2,410 

4  12 

14 

3,390 

9  24 

29 

2,480 

4  22 

14*5 

1       4,450 

9  35 

29-5 

2,560 

4  33 

15 

1       4^510 

9  46 

30 

2,680 

443 

15-5 

J 


411 


1Um«b  Tablr  lor  10  &MI1.  Gun  of  l&toim. 

Charge,  40  Ih.  R.L.O.  or  44  lb.  P.  powder. 
Projectile,  common  shelL 


£ange. 

^El^ration. 

Fuze 
Scale. 

Bange. 

Eleration. 

Fuse 
Scale. 

Yards. 

0    / 

Yards. 

0    / 

160 

0  19 

1 

2,300 

5  35 

16 

240 

0  28 

1-5 

2,400 

5  47 

16*5 

320 

0  88 

2 

2,460 

5  68 

17 

400 

0  48 

2-5 

2,530 

6  10 

17-5 

480 

0  58 

8 

2,690 

6  21 

18 

560 

1    8 

8-6 

2,660 

6  84 

18-5 

680 

1  18 

4 

2,720 

646 

19 

710 

1  28 

4*5 

2,790 

6  59 

19*5 

780 

1  88 

5 

2,850 

7  11 

20 

860 

1  49 

5-5 

2,910 

7  28 

20*6 

980 

1  59 

6 

2,970 

7  85 

21 

1,000 

2    9 

6*6 

8,030 

7  47 

21-5 

1,080 

2  20 

7 

8,090 

7  59 

22 

1,150 

2  80 

7-5 

8,150 

8  11 

22-5 

1,220 

2  40 

8 

8,210 

8  23 

23 

1,800 

2  51 

8*5 

8,270 

8  85 

28*5 

1,870 

8    1 

9 

8,880 

8  48 

24 

1,440 

8  12 

9.6 

8,390 

9    0 

24*5 

1,610 

8  22 

10 

8,440 

9  12 

25 

1,680 

8  8a 

10$ 

8,500 

9  25 

25  S 

1,650 

8  48 

11 

8,560 

9  88 

26 

1,720 

8  54 

11-6 

8,620 

9  51 

26-5 

1,790 

4    & 

12 

8,670 

10    2 

27 

1,86B 

4  16 

12$ 

8,780 

|0  15 

27*5 

1,980 

427 

18 

3,790 

)0  29 

28 

2,000 

4  89 

18-6 

8,840 

10  42 

28-5 

2,070 

4  50 

14 

8,900 

10  56 

29 

2,14(9 

5    2 

14-5 

8,950 

11  a 

29*6 

2,200 

5  la 

16 

4,010 

11  23 

30 

2,270 

5  25 

15-6 

412 


Bakoe  Table  for  10  inch  B.M.L.  Guk  of  18  tons. 

Charge,  battering,  70  lb.  P.  powder. 
Projectile,  common  shell. 


Range. 

Eleyation. 

Fuze 
Scale. 

Rnnge. 

Eloralion. 

Tu'.e 
Scale. 

Tards. 

o      / 

Tards. 

o        / 

170 

0  15 

1 

2,570 

4  42 

16 

2m 

0  23 

1-5 

2,610 

4  52 

10-5 

840 

0  31 

2 

2.710 

5     2 

17 

430 

0  39 

2-5 

2,780 

5  12 

17-6 

510 

0  47 

3 

2.S50 

5  22 

18 

GOO 

0  55 

3-5 

2,920 

5  32 

18  5 

680 

1     3 

4 

2,990 

5  43 

19 

770 

1  12 

4-5 

3,060 

5  52 

19-5 

850 

1  21 

5 

3,130 

G    2 

20 

910 

1  30 

6-5 

3,2'X) 

C  12 

20-5 

1,020 

1  30 

6 

3,260 

6  22 

21 

1,110 

1  48 

6-5 

3,330 

6  32 

21-6 

1,190 

1  57 

7 

3,400 

6  42 

22 

1,270 

2    6 

7-5 

3,160 

6  51 

22-3 

1,350 

2  15 

8 

3,530 

7    1 

23 

1,430 

2  24 

8-5 

3  590 

7  10 

23-5 

1,510 

2  3^ 

9 

3,660 

7  21 

21 

1,590 

2  42 

9-5 

3,720 

7  31 

21i-6 

1,670 

2  52 

10 

3,783 

7  41 

25 

1,750 

3    2 

10-5 

3,850 

7  52 

25-5 

1,820 

3  11 

11 

3,910 

8    1 

26 

1,900 

3  2J 

11-5 

3,970 

8  11 

26  ♦« 

1,970 

3  2J 

12 

4,030 

8  20 

27 

2,050 

8  38 

12-5 

4,000 

8  30 

27-5 

'    2,120 

8  47 

13 

4,130 

8  40 

28 

2,200 

3  5G 

13-5 

4,210 

8  50 

28-5 

2,270 

4    5 

14 

4,270 

9    0 

29 

2,354) 

4  11 

14  5 

4,330 

9  10 

29-5 

2, 120 

4  23 

15 

4,3S0 

9  13 

30 

2,500 

4  32 

15-5 

413- 


Eange  Table  for  11-inch  R.M.L.  Gun  of  25  tons. 

Charge,  60  lb.  P.  powder. 
Pi-ojectile,  common  or  shrapnel  shell. 


Kange. 

Eleration. 

Fiizo 

Scale. 

Range. 

EloTation. 

Fazo 
Scale. 

iards. 

o       / 

Yards. 

o      / 

150 

0  19 

1 

2,400 

5  47 

16 

230 

0  30 

1-5 

2,470 

5  53 

16-5 

• 

300 

0  ^'J 

2 

2,540 

C    9 

17 

3S0 

0  50 

2-5 

2,620 

6  22 

17-6 

460 

1     1 

3 

2,690 

6  33 

18 

510 

1  12 

8-5 

2,760 

6  41, 

18-5 

CIO 

1  22 

4 

2,830 

6  55 

19 

690 

1  33 

4-5 

2,910 

7     8 

19-5 

760 

1  43 

6 

2,980 

7  19 

20 

810 

1  5i 

5-5 

3,050 

7  31 

20-5 

910 

2    4 

G 

3,120 

7  42 

21 

900 

2  15 

6-5 

3,200 

7  50 

2L-6 

1,000 

2  25 

7 

3,270 

8    7 

23 

1,110 

2  30 

7-5 

3,340 

8  19 

22-5 

1,210 

2  40 

8 

3,410 

8  31 

23 

1,2.70 

2  5S 

8-5 

3,490 

8  45 

23-5 

1,3G0 

3    9 

9 

3,560 

8  57 

21. 

1,430 

3  19 

9-5 

3,630 

9    9 

21.-5 

1,510 

3  31 

10 

3,700 

9  21 

25 

1,5S0 

3  4i5 

10-5 

3,780 

9  31* 

25-5 

1,660 

3  bh 

11 

3,850 

9  47 

26 

1,730 

4     4. 

11-5 

3,920 

9  59 

26-3 

1,810 

4  10 

13 

3,990 

10  12 

27 

1,8S0 

4  27 

12-5 

4,070 

10  2G 

27-5 

1,960 

4  33 

13 

4,llO 

10  39 

2S 

2,030 

4  49 

13-5 

4,210 

10  51 

23 '3 

2,110 

G    1 

111 

4,2S0 

11     4 

29 

2,180 

5  12 

lt-5 

4,3f30 

11  18 

2  J -3 

2,250 

5  23 

15 

4, 1 30 

11  29 

30 

2,330 

5  35 

15-5 

414 


iUNaB  Table  for  12-iiich  &M.L.  (teK  ot  25  tona 


Charge,  50  lb.  RL.O.  or  55  lb«  P.  powder* 
Projectile,  oommoii  ahelL 


Bange. 

Fuse 
Soale. 

Bange. 

Faze 
Scale. 

Yards. 

o   / 

Yardi. 

o  / 

160 

0  19 

1 

8,560 

5  54 

16 

240 

0  28 

1-5 

2,680 

6  5 

16*6 

820 

0  38 

2 

2.710 

6  18 

17 

410 

0  40 

2& 

2.780 

6  80 

17-6 

490 

0  59 

8 

2,860 

6  43 

18 

570 

1  a 

8-5 

2,930 

6  55 

18 -& 

G50 

1  19 

4 

8,000 

7  7 

19 

740 

1  81 

4-5 

8,080 

7  20 

19-6 

820 

1  41 

5 

8,150 

7  82 

20 

doo 

1  52 

5-6 

8,220 

744 

20*6 

980 

8  2 

6 

8,290 

757 

21 

1,070 

2  14 

6-5 

8.370 

8  11 

21*6 

1,150 

2  25 

7 

8,440 

8  24 

22 

1,2S0 

2  86 

7-6 

8,510 

8  87 

22-5 

1.310 

2  47 

8 

8,580 

8  60 

23 

1,390 

2  58 

8-5 

8,650 

9  8 

23-5 

1,470 

8  9 

9 

8,720 

9  16 

24 

1,550 

8  21 

9-6 

8,790 

9  30 

24  & 

1,630 

8  82 

10 

8,860 

944 

25 

1,710 

8  43 

10-5 

8,930 

9  68 

25-6 

3,790 

8  56 

11 

4,000 

10  12 

26 

1,870 

4  7 

11-5 

4,070 

10  26 

26*6 

1,940 

4  18 

12 

4^130 

10  40 

27 

2,020 

4  80 

12-5 

4^200 

10  54 

27*6 

2,100 

4  42 

18 

4^270 

11  8 

28 

2,180 

4  54 

13*5 

4,880 

U  22 

28 '6 

2,250 

6  5 

14 

4^400 

11  36 

2J 

2,380 

6  17 

14*5 

4,460 

11  48 

29^ 

2,410 

5  30 

15 

4^580 

12  2 

80 

2,480 

6  51 

15  5 

1 

415 


Rahqb  Table  for  12^mch  R.MX.  Gtnr  of  25  tons. 

Charge,  battering,  85  lb.  P.  powder. 
P^jectile,  common  skelL 


BangA. 

Eleration. 

Fuse 
Scale. 

BaDga. 

Bleratioii. 

Fiue 

Soale. 

Yards. 

o      / 

Tarda. 

0       / 

180 

0    9 

1 

2,710 

4  67 

16 

280 

0  16 

1-6 

2,790 

6    7 

16*5 

370 

0  28 

2 

2,860 

5  17 

17 

4/70 

0  82 

2*5 

2,940 

5  28 

17-5 

500 

0  41 

8 

8,010 

5  88 

18 

1 

660 

0  6p 

8-6 

3,090 

549 

18-5 

740 

1    0 

4 

8,160 

5  69 

19 

880 

1  10 

4*5 

8,280 

6    9 

19*5 

910 

1  19 

6 

8,800 

6  19 

20 

1,000 

1  29 

6*5 

8,870 

6  29 

20*5 

1,060 

1  88 

6 

8,440 

6  40 

21 

1,170 

147 

6*6 

8,610 

6  60 

21*5 

1,260 

1  66 

7 

8,680 

7    0 

22 

1,840 

2    6 

7-6 

8,650 

7  10 

22*5 

1,420 

2  16 

8 

3,710 

7  20 

28 

1,510 

2  27 

8  5 

3,790 

7  83 

23^5 

1,690 

2  86 

9 

8,860 

748 

24 

1,680 

247^ 

9-6 

8,910 

7  63 

24-5 

1,760 

2  67 

10 

8,980 

8    6 

26 

1,840 

8    6 

10-5 

4^040 

8  16 

26-5 

1,920 

8  16 

11 

4vllO 

827 

26 

2,000 

8  26 

11-6 

4*170 

888 

26*5 

2,080 

8  86 

12 

4|,230 

848 

27 

2,160 

3  46 

12-5 

4^800 

9    0 

27-5 

2,240 

8  66 

18 

4^860 

9  10 

28 

2,380 

4    6 

18*5 

4,420 

9  20 

28*5 

2,400 

4  17 

14 

4^480 

9  80 

29 

2,480 

427 

14*5 

4*540 

9  40 

'29-5 

2,560 

487 

16 

4*600 

9  61 

80 

2,640 

4  47 

16*6 

• 

416 


Bakob  Table  for  12*mcb  R.M.L  Ouk  of  35  tous. 

Charge,  85  lb.  P.  powder. 
Projectilo,  common  shell. 


1 

1 

- 

Bange. 

Eleration. 

Fuzo 
Seal  . 

Uan^t*. 

ElfVJitiou. 

Fuxo 
Scale. 

Yards. 

o       / 

Yarils. 

o      / 

200 

0  19 

1 

2,610 

5    4 

16 

800 

0  29 

15 

2,710 

6  13 

16-5 

390 

0  38 

2 

2,78v) 

5  23 

17 

490 

0  4S 

2-5 

2,850 

5  33 

17-5 

580 

0  57 

3 

2,910 

5  41 

13 

6S0 

1    7 

3  5 

2,980 

5  51 

18-5 

770 

1  17 

4 

3,040 

6    0 

19 

8G0 

1  27 

4-5 

3,110 

6    U 

19-5 

950 

1  37 

•5 

3,170 

6  18 

20 

1,040 

1  47 

5  -5  , 

3,230 

6  27 

20  -5 

1,120 

1  56 

6 

3  290 

G  36 

21 

1,210 

2    6 

6-5 

3,350 

6  46 

21-5 

1,290 

2  15 

7 

3,110 

6  &1 

22 

1,380 

2  21 

7-5 

3,470 

7     3 

22  5 

1,460 

2  81, 

8 

3,530 

7  12 

23 

1,540 

2  43 

8-5 

3,590 

7  21 

23-5 

1,620 

2  r.3 

9 

3,650 

7  30 

21. 

1,700 

3     3 

0  5 

3,710 

7  39 

21  5 

1,730 

3  12 

10 

3,770 

7  48 

25 

1,850 

3  21 

10-5 

3,830 

7  57 

25-5 

1,930 

3  ai 

11 

3,8S0 

8    5 

26 

2,000 

3  40 

11-6 

3,940 

8  11> 

26-5 

2,080 

3  50 

13 

4,000 

8  2i> 

27 

2,150 

3  59 

12-5 

4,0iU} 

8  33 

27-5 

2,220 

4    8     . 

13 

4,120 

8  43 

23 

2,300 

4  19 

13-5 

4,180 

8  52 

28-5 

2,370 

4  23 

14 

4,230 

9    0 

2;) 

2,\  10 

4  37 

11  5 

4,2  SO 

9    8 

29-5 

2,510 

4  46 

15 

4,330 

9  16 

30 

2,r>S3 

4  55 

15-5 

1 

417 


Kakge  Table  for  12'5-lnc1i  R.M.L.  Gun  of  38  tons. 

Charge,  100  lb.  P*.  powder. 

Projectile,  common  or  shrapnel  shell  with  gas  check. 


Bange. 

Eleyation. 

Fuze 
Scale. 

Eange. 

EIoTation. 

Fuze 
Scale. 

Tarda. 

e      t 

Yards. 

o      / 

180 

0  15 

1 

2,700 

4  41 

16 

280 

0  25 

1-6 

2,770 

4  50 

• 

16-5 

370 

0  34 

2 

2,840 

458 

17 

460 

0  43 

2-5 

2,910 

5    6 

17-5 

550 

0  52 

8 

2,990 

5  16 

18 

640 

1    1 

3*5 

3,060 

5.24 

18-5 

730 

1  10 

4 

3,100 

5  33 

19 

820 

1  19 

4-6 

3,200 

6  42 

19-5 

910 

1  28 

5 

3,270 

5  50 

20 

1,000 

1  38 

5-5 

3,340 

6  58 

20-5 

1,080 

1  46 

6 

3,400 

6    6 

21 

1,160 

1  54 

6-5 

3,470 

6  15 

21-5 

1,250 

2    4 

7 

3,540 

6  24 

22 

1,340 

2  14 

7-5 

3,600 

633 

22-5 

1,420 

2  22 

8 

3,660 

6  41 

23 

1,510 

2  32 

8-5 

3,730 

6  50 

23 -5  • 

1,590 

2  40 

9 

3,790 

658 

24 

1,670 

2  48 

9-5 

8,850 

7    6 

24-5 

1,750 

2  57 

10 

3,920 

7  15 

£5 

1,830 

3  .5 

10-5 

3,980 

7.24 

25-5 

1,920 

8  14 

11 

4,040 

7  33 

26 

2,000 

3  22 

11-5 

4,100 

7  42 

26-5 

2,080 

3  31 

12 

4,160 

7  51 

27 

2,160 

3  40 

12-5 

4,220 

8    0 

27-5 

2,240 

3  48 

13 

4,290 

8    9 

28 

2,320 

3  57 

13-5 

4,350 

8  18 

28-5 

2,400 

4    6 

14 

4,410 

8.27 

29 

2,470 

4  15 

14-6 

4,460 

8  36 

29-5 

2,550 

4  24 

15 

4,520 

845 

SO 

2,630 

4  33 

15-5 

418 


SatOB  TAMftior  IS-ft-uiBh  JUkLL  Qm  of  SB  iooB. 


Charge,  160  lb.  P.  with  air  spaoa,  80  oofaic  inches  per  lb. 
of  powder. 

Trojectile,  Falliser  and  common  shell  with  gas  check. 


Bang0. 

AAofstum. 

Fue 

Scale. 

B«i9». 

Ei0Taldon. 

Soale. 

Yaids. 

o     / 

Yaxdt. 

o      / 

900 

0  18        1 

1 

2,690 

480 

16 

-280 

096 

1*6 

2,760 

489 

16 '5 

870 

0  82 

2 

2,840 

448 

17 

460 

040 

2*5 

2,910 

467 

17-5 

560 

046 

8 

2,980 

5    6 

18 

640 

066 

8-6 

8,060 

5  14 

18*5 

780 

1    4 

4 

8,180 

5  89 

19 

810 

1  18 

4*5 

8,210 

580 

19*6 

890 

1  20 

5 

8,280 

5  89 

20 

080 

1  98 

6-6 

8,860 

548 

20-5 

1,060 

1  84 

6 

8,480 

5  67 

21 

1,140 

142 

6*5 

8,600 

6    6 

21-5 

1,280 

1  60 

7 

8,580 

6  15 

22 

1,310 

1  86 

7-6 

8,650 

694 

22*5 

1,400 

2    6 

8 

8,720 

6  84 

28 

1,480 

2  14 

8*6 

8,800 

644 

23-5 

1,560 

2  28 

9 

8,880 

6  84 

24 

1,640 

282 

9« 

8,960 

7    4 

24*5 

1,780 

241 

10 

4,020 

7  14 

25 

1,810 

2  60 

10-5 

4,100 

724 

26-5 

1,890 

2  1^ 

11 

4,180 

784 

96 

1,080 

8    8 

n-6 

4,260 

744 

26*6 

2,060 

8  17 

12 

4,820 

7  54 

27 

2,140 

896 

12*5 

4,400 

8    4 

27-6 

2,280 

8  86 

18 

4,480 

8  14 

28 

2,800 

844 

18 '5 

4,560 

8  94 

98*5 

2,880 

8  68 

14 

4,640 

8  84 

29 

2,4fiO 

4    2 

14 '5 

4,710 

8  44 

29*5 

2,580 

4  19 

15 

4,790 

8  54 

80 

2,610 

4  21 

16*5 

• 

419 


Banob  Tablb  for  6-d-mch  BJ&LL.  HowrrzsiB. 


Charge,  1  lb.  B.L.O.  powder. 

Projectile,  common  shell  weighted  =  70  lb.,  including 
gas  check. 


Mean  eleration  due  to  each  50  yards 

of  range  b j 

interpolation. 

Value  of  5  minutes. 

Drift. 
Bight. 

Eleration. 

Deflection. 
Left. 

Time  of 
flight. 

Bazige. 

Eleration. 
In  range. 

Deneotion. 

Yards. 

Yards. 

o      / 

o       / 

Yards. 

Yards. 

Seconds. 

400 

2*6 

10  85 

0  28 

8  1 

0-66 

3-9 

450 

8  5 

12  00 

0  28 

3*0 

0-63 

4*3 

600 

4-6 

13  80 

088 

2-8 

0-70 

4-8 

550 

5-7 

15  00 

0  87 

2-8 

0-76 

5-8 

600 

7  0 

16  46 

0  42 

2*4 

0-88 

5*9 

650 

8-5 

18  80 

0  47 

2-4 

0-90 

6*6 

700 

10-8 

20  40 

058 

1-9 

0-97 

7-2 

750 

12-3 

23  00 

0  69 

1-8 

1-04 

7 '9 

800 

14-8 

25  80 

1  08 

1-7 

111 

8*7 

850 

17-9 

28  80 

1  18 

1*4 

118 

9*5 

900 

22-1 

82  15 

1  28 

i;i 

1'25 

10-6 

950 

28-8 

87  80 

149 
Obaatge2Tb§ 

0-8 

1«82 

12  1 

400 

— 

4  30 

— 

7-1 

0-66 

2-8 

600 

0-6 

5  45 

0    4 

7  1 

0-70 

6-0 

600 

1-8 

■7  00 

Oil 

7  1 

0-83 

3*7 

700 

8-5 

8  15 

0  18 

6-7 

0-97 

4*4 

800 

5-5 

9  35 

0  25 

6-3 

1-11 

6  1 

900 

7-7 

11  00 

0  31 

6-9 

1-25 

6-8 

1,000 

10-2 

12  80 

0  37 

5-6 

1-39 

6-6 

1,100 

13  0 

14  05 

0  43 

6-3 

1-53 

7*4 

1,200 

16-5 

15  45 

0  49 

6-0     • 

167 

8-2 

1,800 

20  0 

17  30 

0  55 

4-8 

X-81 

9  1 

1,400 

24-0 

19  20 

1  02 

4-5 

1-95 

10-0 

1,500 

28-5 

21  15 

109 

4-8 

2*09 

10*9 

1000 

88*6 

23  15 

1  16 

4-1 

2  13 

11-8 

1,700 

40  0 

25  80 

1  25 

8-7 

2-27 

12-8 

1,800 

47-2 

28  00 

1  34 

8*8 

2*41 

18-9 

1,900 

57-3 

81  00 

1  49 

2*8 

2-56 

15-2 

SyOOO 

72-0 

85  00  . 

2  10 

2  1 

2-69 

16-9 

2,100 

91  8 

40  00 

2  87 

1-7 

2-91 

19  0 
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Range  Table  for  6*3-mcli  R.MX.  Howitzeb. 


Charge,  3  lb.  R.KG.  powder. 

Projectile,  common  shell  weighted  =  70  lb.,  including  gas 
check. 


Mean  elevation  due  to  each  50  jarda 

of  range,  bj  interpolation. 

Drift. 

Right. 

Deflection. 
Left. 

Value  of  6  minutes. 

Time  of 
flight. 

Range. 

Elevation. 

£leTation. 
In  range. 

Deflection. 

Tardi. 

Yards. 

o      / 

o      # 

Yards. 

Yards. 

Seconds. 

400 

— 

2  20 

-^ 

91 

0-56 

1-7 

500 

0-5 

8  16 

0    4 

9  1 

0-70 

2-3 

600 

1-0 

4  10 

0    6 

91 

0-83 

2*9 

700 

2  1 

5  05 

0  11 

9  1 

0-97 

8-6 

800 

8-3 

6  00 

0  14 

9  1 

111 

4  2 

900 

4^ 

6  56 

0  17 

91 

1-26 

4-8 

1,000 

6-8 

7  60 

0  20 

9  1 

1-89 

5-4 

•1,100 

7  1 

8  46 

0  23 

9  1 

1-53 

6  0 

1,200 

8-5 

9  40 

0  26 

9-1 

1-67 

6  6 

1,300 

10-2 

10  36 

0  29 

9  1 

1-81 

78 

1,400 

12*4 

11  80 

0  82 

9  1 

1-95 

7-8 

1,500 

• 

14-6 

12  86 

0  86 

9  1 

2-09 

8-3 

1,600 

16-9 

18  20 

0  88 

91 

2-13 

8-9 

1,700 

19-2 

14  20 

0  41 

8-8 

2-27 

S-5 

1,800 

22-0 

15  20 

0  44 

8-3 

2-41 

10-1 

1,900 

26  0 

16  26 

0  47 

7-7 

8  •56 

10-8 

2,000 

28-2 

17  86 

0  50 

7  1 

2-69 

11-5 

2,100 

81-6 

18  45 

0  54 

71 

2-91 

12-2 

2,200 

85  6 

80  00 

0  58 

6-7 

3-10 

12-9 

2,300 

40-0 

21  20 

1  03 

6-3 

3  19 

13-6 

2,400 

45-0 

22  50 

1  08 

5-0 

3  33 

14  -4 

2,500 

6l-0 

24  80 

1  14 

5-0 

8-17 

15  -4 

2,600 

58-2 

26  16 

1  21 

4-8 

3 -01 

16-4 

2,700 

66  0 

28  16 

1  2S 

4  1 

3-75 

17  5 

2,800 

75  0 

80  80 

1  86 

8-7 

3 -89 

18-7 

2,900 

85-6 

33  00 

1  46 

8-3 

4-03 

20  0                                  ^ 

3,000 

99  0 

36  00 

1  69 

2-8 

4-17 

21  0 

3,100 

126-0 

89  40 

2  26 

2-3 

4-30 

28-5                                  , 
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Rakge  Table  for  6'3-inch  R.M.L.  Howitzeb. 

Charge,  4  lb.  B.L.G.  powder. 

Projectile,  common  shell  weighted  =  70  lb.,  including  gas 
check. 


Moan  elBTation  due  to  each  50  yarda  < 

3f  range,  hy 

intei|K>Iation. 

Drift 
Bight. 

' 

Deflection. 
Left. 

Value  of  6  minutes. 

Time  of 
flight 

Bange. 

Eleyation. 

Elevation. 
In  range. 

Deflection. 

Yards. 

Yards. 

o         / 

o      / 

Yards. 

• 
Yards. 

Seconds. 

400 

000 

1  45 

0    0 

16-7 

0-56 

1-7 

600 

0-3 

2  16 

0    2 

16-7 

0-70 

2-1 

600 

0-8 

2  50 

0    6 

14-3 

0-83 

2-6 

700 

1-5 

3  25 

0    8 

14-3 

0-97 

3i0 

800 

2-3 

4  00 

0  10 

14-3 

111 

3-6 

900 

8*0 

4  35 

0  12 

14-3 

1-25 

8-9 

1,000 

40 

6  10 

0  14 

14-3 

1-39 

4-4 

1,100 

60 

6  45 

0  16 

14-3 

1-53 

4-9 

1,200 

60 

6  20 

0  18 

14-3 

1-67 

^-8 

1,800 

7-3 

6  55 

0  20 

14-3 

1-81 

6-7 

1,400 

8-5 

7  30 

0  22 

14*3 

1-95 

61 

1,600 

100 

8  05 

0  24 

14-3 

2*09 

6*6 

1.600 

120 

845 

0  27 

12-5 

2*13 

71 

1,700 

140 

9  25 

0  30 

12-5 

2-27 

7-6 

1,800 

160 

10  06 

0  32 

12-5 

2-41 

8-1 

1,900 

18-3 

10  45 

0  36 

12-6 

2-56 

8*6 

2,000 

20-5 

11  30 

0  37 

11-2 

2-69 

9-2 

2,100 

230 

12  15 

0  39 

11-2 

2-91 

9-7 

2,200 

25-8 

13  00 

0  42 

11-2 

310 

10-2 

2,800 

28*8 

13  45 

0  45 

11-2 

3- 19 

10-8 

2,400 

31-8 

14  30 

0  48 

11-2 

8-33 

11  *a 

2,500 

350 

15  15 

0  51 

11-2 

8-47 

11-9 

2,600 

390 

16  05 

0  64 

10-0 

8-61 

12*5 

2,700 

43*3 

17  00 

0  57 

9-1 

8-75 

13-1 

2,800 

480 

18  00 

1  00 

8-4 

8-89 

13-8 

2,900 

63  0 

19  00 

1  05 

8*4 

4*03 

14-5 

8,000 

68-3 

20  00 

1  10 

8-4 

4-17 

15*2 

8,100 

63-8 

21  00 

1  14 

8*4 

4-30 

15-8 

3,200 

69*2 

22  00 

1  18 

8*4 

4-44 

16-5 

8,300 

760 

23  05 

1  22 

7*7 

4-58 

17*2 

3,400 

81-5 

24  10 

1  26 

7-7 

4-72 

18-0 

6,600 

88-6 

25  25 

1  31 

6*6 

4-86     . 

18-8 

3,600 

960 

26  45 

1  36 

6*3 

6-00 

19-6 

3,700 

104*0 

28  15 

1  41 

6-6 

5-14 

20-6 

3,800 

123-0 

29  45 

1  66 

5-5 

5-28 

21-6 

3,900 

135  0 

31  45 

2  05 

4-2 

6-42 

22-8 

4,000 

152  0 

36  00 

2  17 

2-6 

6*56 

24-9 

4,100 

1800 

39  30 

2  38 

1-9 

6-70 

27-6 

(CO.) 


2  B 
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Bavoe  Table  for  ShuoIl  K.M.Ti.  Howuzeb  of  46  owt. 


Charge,  2  and  3  lbs.  RKG.  powder. 

Projectife,  comnioii  shell  with  gas  check,  185  lbs. 


Mean  eleTation  doe  to  each  100  yards  of  nuige^  by  interpolation. 


Bange. 


Yards. 


Drift. 


Ynd». 


Blsratioii* 


Deflection. 


o      / 


Value  of  6  minutes. 


innmge. 


Yards. 


Deflection. 


Yards. 


Time  of 
flight. 


Seoonds. 


400 

11*0 

SOO 

14*5 

600 

22*0 

18  15 
24  00 
35  00 


2Ih.char^. 

1  42 
1  44 


2  12 


2*00 
1*44 
0-76 


0-56 
0-70 
0-83 


5*4 
6*9 
9 '6 


81b.  diarfe. 

400 

7-5 

10  45 

1  8 

8*8 

0-56 

4  0 

600 

9*8 

18  60 

1  8 

8*5 

0-70 

4*9 

600 

11-6 

16  15 

1  10 

2-9 

0-83 

6-9 

700 

14*5 

19  30 

1  15 

2-6 

0-97 

7*0 

800 

18*2 

28  45 

1  22 

2-1 

1*11 

8*4 

900 

28*2 

29  00 

1  83 

1-6 

1-25 

10-2 

1,000 

88*2 

38  00 

200 

0-9 

1-39 

12*9 
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Range  Table  for  8-mch  RMX.  Howitzeb  of  46  cwt. 

Charge,  4  and  5  lb.  R.L.G.  powder. 

Projectile,  common  shell  with  gas  check,  185  lbs. 

Mean  eloTation  due  to  eaoh  100  yards  of  range,  bj  interpolation. 


Bange. 


Yards. 

400 

600 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,800 

1,400 


Drift. 


YasrdB. 

6  0 
6*6 
8*8 
10-2 
12-4 
16-0 
18-0 
22  0 
28*0 
86-0 
45*0 


Eleyation. 


Deflection. 


'Yalue  of  5  minutes. 


Elevation 
in  range. 


8  00 

9  80 
U  10 
18  00 

16  00 

17  20 
20  00 
28  00 
27  16 
82  00 
88  16 


4  lbs.  charge 

0  46 

0  46 

0  49 

0  62 

0  66 

1  00 
1  04 
1  12 
1  24 
1  86 
1  68 

5  lbs.  charge, 


Yards. 

6*3 
5-6 
6*0 
4*6 
4*2 
8-6 
3  1 
2*8 
2-0 

1*7 
1-8 


Deflection. 


Yards. 


0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 


-66 
•70 
•83 
97 
11 
-26 
•89 
•68 
•67 
-80 
•94 


Tbneof 
flight. 


Seconds. 

3  6 

4*2 

4-9 

6-6 

6-4 

7-4 

8  6 

9*7 

11-3 

18-0. 

15-2 


400 

8-6 

6  40 

0  81 

7-1 

0*66 

2-9 

500 

6-0 

7  00 

086 

6-8 

0*70 

8-5 

600 

6-5 

8  20 

08» 

6-8 

0-88 

4*8 

700 

8-0 

945 

041 

6-0 

0-97 

4-9 

800 

10-0 

11  10 

0  46 

6-0 

1  11 

6-6 

900 

12*0 

12  46 

048 

5  8 

1-25 

6-8 

1,000 

14-3 

14  80 

0  61 

4-8 

1*89 

7-1 

1,100 

16*8 

16  15 

055 

4-8 

1-68 

8-0 

1,200 

20  0 

18  26 

1  00 

8*8 

1*67 

90 

1,800 

23  6 

20  86 

1  05 

8-8 

1-80 

100 

1,400 

27-6 

28  00 

1  10 

8-5 

1-94 

11-0 

1,600 

82-6 

26  00 

117 

8-8 

2-06 

'   12-t 

1,600 

89-6 

29  80 

1  28 

2*4 

2-22 

13-7 

1,700 

48-0 

88  80 

1  41 

2*1 

2-36 

16-8 

1,800 

61  0 

39  00 

2  02 

1-6 

2*60 

17-4 

(o.o.) 


2e2 
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Range  Taale  for  8-inch  R.M.L.  Howitzeb  of  46  cwL 


Charge,  6  lbs.  B.L.G.  powder. 

Projectile,  common  shell  with  gas  check,  185  lbs. 


Mean  eloTation  due  to  each  100  yards  of  range,  by  interpolation. 

Value  of  5  minutes. 

Time  of 
flight. 

Bange. 

Drift 

Eleyation. 

Deflection. 

Elevation 
in  range. 

Deflection. 

Yards. 

Yards. 

o 

o      / 

Yards. 

Yards. 

Seconds. 

400 

1*60 

4  30 

0  13 

7-7 

0-56 

2-6 

500 

8-00 

5  35 

0  22 

7-7 

0-70 

3-2 

600 

4-75 

6  45 

0  28 

7  1 

0-83 

3-8 

700 

6.50 

7  65 

0  33 

71 

0-97 

4-4 

800 

8*60 

9  05 

0  38 

71 

111 

50 

900 

10-50 

10  15 

0  42 

71 

1-25 

6-7 

1,000 

12-50 

11  30 

045 

6  7 

1-39 

6-4 

1,100 

14-75 

12  50 

0  48. 

6-2 

1-53 

71 

1,200 

17-25 

14  16 

0  61 

5-9 

1-67 

7-8 

1,300 

2000 

15  45 

0  55 

5-5 

1-80 

8-6 

1,400 

82-75 

17  15 

0  58 

5-5 

1-94 

9-4 

1,SOO 

26-00 

18  56 

1    2 

50 

2-08 

10-2 

1,600 

29-75 

20  45 

1    7 

4-5 

2-22 

111 

1,700 

33-75 

22  45 

1  11 

41 

2-86 

121 

1,800 

88-75 

25  00 

1  17 

3-7 

2-50 

13-1 

1,900 

44-75 

27  30 

1  25 

8-3 

2-64 

14-8 

2,000 

52-25 

30  25 

1  34 

2-9 

2-78 

15-0 

2,100 

6200 

33  45 

1  46 

2-5 

2-92 

17- 1 

2,200 

81  00 

89  00 

2  12 

1-5 

8-06 

19-3 
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Range  Table  for  8-mch  E.MIj.  Howitzer  of  46  cWt. 


Charge,  7  lbs  II.L.G  powder. 

Projectile,  common  shell  with  gas  check.  185  lbs. 


Mean  eleyation  due  to  eacli  100  yards 

of  range,  bj  interpolati< 

>n. 

Value  of  5  minutes. 

Drift. 

EleTation. 

Deflection. 

Time  of 
flight. 

Bange. 

Elevation 
in  range. 

Deflection 

Tarda. 

Yards. 

o        r 

o      t 

Yards. 

Yards. 

Seconds. 

400 

0 

'6 

8  25 

0    4 

91 

0-56 

21 

600 

2 

0 

4  20 

0  14 

91 

0-70 

2-7 

600 

3 

6 

5  20 

0  21 

8-3 

0-83 

3-3 

700 

5 

3 

6  20 

0  27 

8-3 

0-97 

8-9 

800 

7 

1 

7  20 

0  31 

8-3 

1-11 

4-5 

900 

8' 

9 

8  20 

0  35 

8-3 

1-25 

61 

1,000 

10 

8 

9  20 

0  38 

8  3 

1-39 

6-7 

1,100 

12 

8 

10  20 

0  41 

8-3 

1*58 

6-3 

1,200 

14 

'8 

11  26 

0  44 

80 

167 

6-9 

1,300 

17 

0 

12  35 

0  47 

71 

1-80 

• 

7-6 

1,400 

19 

5 

13  45 

0  50 

71 

1-94 

8-2 

1,500 

22 

0 

14  55 

0  53 

71 

2-08 

8-9 

1,600 

25 

0 

16  15 

0  56 

6-3 

2-22 

9-6 

1,700 

28 

5 

17  35 

1  00 

6-3 

2-86 

10-4 

1,800 

82 

0 

19  05 

1  04 

5-6 

2-50 

11-2 

1,900 

36 

0 

20  40 

1  08 

5-2 

2-64 

12-0 

2,000 

40 

0 

22  25 

1  12 

4-8 

2-78 

12-9 

2,100 

45 

5 

24  25 

1  18 

4-2 

2*92 

18-9 

2,200 

52 

0 

26  30 

1  25 

40 

8-06 

160 

2,300 

60 

0 

28  50 

1  33 

3-6 

3-20 

16*2 

2,400 

70 

0 

31  30 

1  45 

31 

8-34 

17-6 

2,500 

85- 

0 

85  00 

2  02 

2-6 

3-48 

19*2 

2,600 

1060 

38  40 

2  27 

2-3 

8-61 

20-8 
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EijraB  Table  for  8-ixich  &MJi  Howxtzxb  of  46  cwt 


Charge,  8  lbs.  RKO.  powder. 

Projectile,  common  shell  with  gas  check,  185  lbs. 


Mean  eleraUon  due  to  etch  J.00  jarda 

ci  nuige,  by  interpolation. 

Talne  of  6  minntea. 

rnj—. .  ^£ 

Bange. 

Diut* 

Eleration. 

DefleottoiL. 

Elerafcum 
inxanga. 

Defleoiion. 

Tune  of 
flight 

Tarda. 

Tarda. 

o         / 

o      / 

Tarda. 

Tarda. 

Seoonda. 

400 

1-8 

8  06 

0  11 

10-0 

0-66 

21 

•  fOO 

2-6 

8  66 

0  18 

10-0 

0-70 

2-7 

600 

8-9 

446 

0  28 

100 

0-83 

8-8 

700 

6-6 

6  86 

0  28 

100 

0-97 

8-8 

800 

7-1 

626 

0  81 

10- 0 

111 

4-8 

000 

8-8 

7  26 

0  85 

10-0 

1-26 

4-9 

1,000 

10-6 

8  10 

088 

10-0 

1  39 

6-4 

1,100 

12-6 

906 

0  40 

91 

1-63 

6-0 

1,200 

14-4 

10  00 

048 

91 

1-67 

6-6 

i,aoo 

16-4 

10  65 

0  46 

91 

1-80 

7-2 

1.400 

18-6 

11  60 

0  47 

9-1 

1-94 

7-8 

1,500 

20-9 

12  46 

0  60 

9-1 

208 

8-3 

1,600 

23-3 

13  46 

0  62 

8-8 

2-22 

8-9 

1,700 

26*8 

14  46 

0  64 

8*8 

2-86 

9-6 

1,800 

28-4 

16  46 

0  66 

8-8 

2-60 

10  1 

1,900 

81-4 

16  60 

0  69 

8-0 

2-64 

10-8 

2,000 

84-8 

18  00 

1  02 

71 

2-78 

11-6 

2,100 

88-8 

19  20 

1  06 

6-6 

2-92 

12-2 

21,200 

480 

20  40 

1  10 

6-6 

3-06 

13-0 

2,800 

47-6 

22  06 

1  14 

6-8 

3-20 

13*8 

2,400 

680 

28  86 

1  19 

6-9 

3*34 

14-7 

2,600 

690 

26  20 

1  24 

4-7 

3-48 

16-6 

2,600 

670 

27  10 

1  32 

4-6 

3-61 

0 

16-6 

2,700 

760 

29  20 

1  41 

8-8 

3  75 

•17-7 

2,800 

89-0 

81  46 

1  64 

5-6 

3-89 

190 

2,900 

1070 

36  00 

2  12 

2*6 

4-03 

20-6 

3,000 

135  0 

39  00 

2  42 

21 

4-17 

22-5 

42T 


Rakge  Table  for  S-inch  B^tLL  fiowixzBS  of  M  «irt 

Ghai^,  9  lbs.  B.L.G.  powder. 

Projectile^  oommon  shell  with  gas  check,  185  lbs. 


Mean  eleration  doe  to  mch  100  jwds  of  range,  bj  interpolafciou. 


Value  of  5  minutes. 

Drift. 

Eleyafion. 

Deflection. 

Time  of 
flight. 

Bange. 

Elevation 
in  range. 

Deflection. 

Yards. 

Yards. 

o         / 

o      / 

Yards. 

Yards. 

Seconds. 

400 

0-5 

2  10 

0    4 

12-5 

0-56 

1-7 

500 

1-7 

2  55 

0  12 

11-1 

0-70 

2-2 

600 

30 

3  40 

0  18 

111 

0-83 

2*7 

700 

4*4 

425 

022 

11*1 

0-97 

3-2 

800 

5-8 

5  10 

0  26 

HI 

111 

3*7 

900 

7-3 

5  55 

0  27 

11*1 

1*25 

4-2 

1,000 

8*8 

640 

0  31 

111 

1-39 

4-7 

1,100 

10-4 

7  26 

0  34 

Ul 

1-53 

5-2 

1,200 

121 

8  15 

0  36 

10*0 

1*67 

5*8 

1,800 

14*0 

905 

0  38 

100 

1-80 

6*4 

1,400 

160 

955 

0  41 

100 

1-94 

70 

1,600 

18*1 

10  46 

043 

10-0 

2-08 

7*6 

i,eoo 

20*3 

11  35 

045 

10-0 

2-22 

81 

1,700 

22*5 

12  25 

0  47 

10-0 

2-36 

8-7 

1,800 

25-0 

13  20 

050 

91 

2*50 

9-8 

1,900 

27-8 

14  25 

0  62 

9-1 

2*64 

9-9 

2,000 

30-8 

15  20 

0  55 

91 

2-78 

10*6 

2,100 

34-0 

16  15 

0  58 

91 

2-92 

11-1 

2,200 

37-6 

17  16 

1  01 

8-3 

3-06 

\1*7 

2,800 

41-2 

18  16 

1  04 

8*3 

3-20 

12-8 

2,400 

45-0 

19  16 

107 

8-3 

3-34 

12-9 

2,500 

50-0 

20  30 

1  12 

80 

3-48 

13-6 

2,600 

550 

21  40 

116 

7*1 

8-61 

14-4 

2,700 

61-6 

23  06 

1  22 

5-9 

3-76 

15-2 

2,800 

690 

24  35 

1  28 

5*5 

8-89 

16- 1 

2,900 

77-5 

26  16 

1  86 

60 

4-03 

17-1 

8,000 

88-5 

28  05 

146 

4*6 

4-17 

18-1 

3,100 

1020 

30  10 

1  58 

4-0 

4*31 

19-8 

8,200 

119-0 

32  30 

2  18 

8-6 

4-44 

20-6 

8,300 

1410 

36  16 

238 

3-0 

4-58 

22-0 

3,400 

168-0 

38  30 

2  57 

2*6 

4-72 

23*7 

428 


Rahqb  Table  for  S-inch  RM.L.  Howitzeb  of  46  cwt 

Charge,  10  lbs.  RJIO.  powder. 

Projectile,  common  shell  with  gas  check,  185  lbs. 


Mean  eleration  due  to  each  100  yards 

of  range,  hy  inteipolation. 

Talna  of  6  minutes. 

Drift 
right. 

Bleratton. 

kft. 

Time  of 
flight. 

Banco. 

Bleration 
in  range. 

Defection. 

Yards. 

Yards. 

o         / 

0       / 

Yards. 

Yards. 

Seconds* 

4f» 

0-9 

200 

0    8 

14-3 

0*56 

1-7 

600 

1-8 

286 

0  13 

14-8 

0*70 

2*1 

000 

2-8 

8  10 

0  17 

14-8 

0*83 

2*6 

700 

40 

8  60 

0  21 

12-6 

0-97 

8*1 

800 

5-3 

4  30 

0  24 

12  6 

111 

3*6 

900 

6-6 

6  10 

026 

12-5 

1*26 

41 

1,000 

80 

6  60 

0  29 

12-6 

1-39 

4*6 

1,100 

9-5 

6  80 

0  31 

12-5 

1*63 

61 

1,200 

110 

7  10 

0  33 

12-5 

1*67 

6*6 

1,800 

12-7 

7  50 

0  36 

12-5 

1-80 

6-1 

1,400 

146 

8  36 

0  37 

111 

1*94 

6*6 

i;5oo 

16*4 

9  20 

0  39 

111 

208 

71 

i,eoo 

18-6 

10  06 

042 

111 

2*22 

7*6 

woo 

20-7 

10  66 

044 

111 

2-36 

81 

i;$oo 

22-9 

11  36 

046 

HI 

2-50 

8*6 

1,900 

25*2 

12  20 

0  48 

HI 

2-64 

9*1 

2,000 

27-6 

13  05 

0  60 

111 

2-78 

9*6 

2,100 

80-6 

13  66 

0  52 

100 

2-92 

10-2 

2,200 

88-7 

14  46 

0  65 

10- 0 

306 

10*8 

2;300 

37-3 

16  35 

0  68 

10- 0 

3*20 

11*3 

^400 

41*6 

16  30 

1  02 

91 

3-34 

11*9 

2,600 

466 

17  25 

1  06 

91 

8*48 

12*6 

2,600 

610 

18  25 

1  11 

8-3 

8*61 

13*1 

2,700 

570 

19  25 

1  16 

8*3 

3-75 

13*7 

2,800 

64-0 

20  80 

1  23 

8*0 

3*89 

14-4 

2,900 

720 

21  40 

1  29 

71 

403 

15-2 

8,000 

810 

22  60 

1  37 

7*1 

4-17 

16  0 

8,100 

900 

24  00 

146 

71 

4*31 

16*7 

8,200 

100*0 

26  16 

1  68 

6*6 

4-44 

17*4 

8,800 

1110 

26  45 

2  01 

5*6 

4-68 

18-8 

8,400 

1230 

28  26 

2  10 

6-0 

4*72 

19*3 

8,600 

1370 

80  16 

2  21 

4*5 

4-86 

20-4 

8,600 

164*0 

82  26 

2  88 

3-8 

600 

21*6 

8,700 

1760 

86  00 

2  61 

3*2 

6-13 

23-1 

8,800 

204*0 

88  16 

3  11 

2*6 

6-27 

24*9 

> 

1 
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„      B.M.L.,  end  of,  marked  on  upper  surface  of  gun  •  •         •  •     181 

„  „       length  to  be  considered     •  •         . .         • •  •       87 

„  „        length,  how  determined    . .         •«         87 

„  „        powder  pressure,  attempts  at  rednotion  in        .  •         •  •         •  •       88 

Boring,  fine  and  finish,  7-inoh  steel  A.  tube         • .         .  •         • 174 
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Bracket,  foresight,  for  oouTezted  guns •  •         •  •         208,  241 
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required  from  field,  siege,  and  heaTy  guns  ..         ..         .•         344, 84& 

Blastic  limit,  definition  of..         ..         ..         ..         ..         2 

n     gorems  amount  of  shrinkage  . .         27 
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MILITARY  BOOKS,  published  by  ^trfA onYy— continued. 

KTLITIA  (VOLTTNTABT  ENIilSTMENT)  ACT,  1875. 

With  an  Introduction  and  Notes,  by  Oharlss  H.  Glode,  of  the  Inner  Temple, 
Barrister-at-Law,  and  Solicitor  to  the  War  Department.    Price  If.  6d 

BEPOBT  ON  VABIOnS  EXFEBIMENTS 

Carried  out  under  the  Direction  of  the  Ordnance  Select  Committee  relative  to 

THB  PEKETBATION  OF  IBON  ABKOTTB  PLATES  BT 

STEEIi  SHOT. 

By  Captain  W.  H.  Noblb,  M.A.,  Boval  Artillery,  Associate  Member  Ordnance 
Select  Committee.    To  which  is  added  a  Memorandum  on 

The  Penetration  of  Xron-Olad  Ships  by  Steel  and  Other 

Projectiles. 
Foolscap  folio,  with  Plans.    Price  2«. 

SCHOOL  OF  MUSKETBT  AT  HTTHE. 

BEPOBT  on  the  Instruction  carried  on  at,  and  of  the  Proerress 

of  Kusketry  Instruction  in  the  Army  during  the  Tear 

endinc  Blst  March,  1877. 
Price  2b, 

AUo, 

BBPOBTS  FOB  THB  TEABS  1850  to  1861. 

Price  Is.  each. 

BEPOBTS  FOB  THB  TEABS  1862  to  1876. 

Price  It.  each. 

A  HAJTDBOOIC  OF  THE  UAIHJFACTXXBE  AND  PBOOF  OF 

0U1IPOWI>EB,  as  carried  on  at  the  Boyal  Chinpowder 

Fdtotory,  Waltham  Abbey. 

By  Captain  F.  M.  Smith,  Boyal  Artillery,  Assistant  Superintendent. 
Printed  by  Order  of  the  Secretary  of  State  for  War.    Price  bs, 

aUKPOWDl^B  AND  aUNOOTTON;  Notes  on. 
By  Major  W.  H.  Wardell,  B.A.    1878.    Price  1*. 

THE  OENEBAL  OBDEBS 

By  HiB  BOTAL  HlOHNESB  TUB  FiBLD  MaRSUAL  C0MMAirDIN0-IN.-CHIX7, 

and 

THE    ABK7    OIBCVLABS, 

Are  published  Monthly. 

THB    AXTXILIABT    AND    BESEBVE     FOBOE     CIBOTTLABS 

Were  published  Quarterly  to  October,  1878,  but  from  1st  January,  1879, 

are  incorporated  with  Army  Circulars. 

INDEX  TO  ABMT  OIBOTTLABS,  1867  to  1878. 

Boyal  8to.    Price  ^d, 

INDEX  TO  GENEBAL  OBDEBS  1874  to  1878. 

Price  M, 

INDEX  to  ATTXILIABT  and  BESEBVE  FOBOE  CIBCtrLABS 

to  1878. 
Price  Set 


ARMY  EQUIPMENT. 

Prtpared  at  the  Topogn^fdcal  and  StatufiuxU  Department^  War  Office^ 
Libut.-Gbnbkal  Sm  HENBY  JAMES,  B.E.,  F.B.S.,  &c.,  DirecUfr, 

Part  I.— CAVALBT. 

Compiled  by  H.  M.  Hozibr,  late  Captain  2nd  Life  Guards,  F.C.S.,  F.G.S. 

Prico  4s. 

Part  IV.— MILITABT  TBAIN. 

ComplleJ  by  H.  M.  Hozikb,  late  Captain  2nd  Life  Guards,  F.C.S.,  F.G.S., 

Topographical  Staff.    Boyal  Svo.,  cloth  boards.    Price  2s,  &d. 


MILITAUY  BOOKS,  jmhlUhed  htf  ^»^Aori<y— continued. 

ARMY  EQUIPMENT— coii/fntM;<f. 

Fart  v.— IH7ANTBT. 

Compiled  by  Capt«in  Martin  Petbib,  Topogpraphical  Staff. 
Boyal  8vo.,  cloth  boards.    Price  6«.,  with  Plates. 

Part  yi.— OOmaSSABIAT. 

CompDed  by  H.  M.  Hoeikh,  late  CapUin  2nd  Life  Guards,  F.C.S.,  F.G.8., 
Topographical  Staff.    Boyal  8vo.,  cloth  boards.    Price  \».  id. 

Part  VH HOSPITAZf  SBBVIOB. 

Compiled  by  Captain  Martin  Petrib,  Topographical  Staff. 

Price  5«.,  with  Plates. 
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QUARTERMASTER-GENERAL'S  DEPARTMENT.  HORSE  GUARDS. 


TSAINIKa  OF  TBOOF8,  Bemlations  for,  for  Borvloe  in  the  Field, 

and  for  the  Conduct  of  Peace  Manoeuvres.    Translated  from  the  German,  by 
Captain  E.  Baring,  RA.    Koyal  8vo.,  84  pp.,  with  Plana    Price  2«. 

BLEKENTABT    TACTICS    OF    THE    PBUSSIAIT    IIVFANT&T. 

Translated  from  the  German ,  by  Captain  £.  Baring,  B.A.     Authorised 
Edition.    Boyal  8yo.,  60  pp.,  with  Plans.    2«. 

EXTRACTS  FBOK  THE  DBIIiL  BEaTTULTIONS  for  the  Pruseiaa 

Artillery,  and  from  the  Handbook  for  Prussian  Artillery  Officers.    Trans- 
lated by  Major  Fairfax  Ellis,  B.A.    1878.    Price  10«. 

BX7I«ES  FOB  THB  CONDUCT  OF  THB  WAB  OA3CE.    OompUed  fay 

Captain  £.  Baring,  B.A.    The  Box  of  Men,  &c,  can  be  had  for  £6  6«.,  and 
15  Maps,  mounted  and  coloured,  for  £6.    B<.)yal  8vo.,  with  Plans.    Price  2«. 

UIIiITABT  BBPOBTS.    Addressed  to  the  French  War  Xinlster  by 

Colonel  Baron  Stoffel,  French  Military  Attach^  in  Prussia.    1866-1870. 
Translated  by  Lieutenant-Colonel  Homb,  C.6.,  B.E.    Boyal  Svo.    Price  8«. 

BEFOBMS  IN  THE  FBBNCH  ABMT.    Part  I.~The  Iaw  of  Be- 

cniiting.    Translated  by  Lieutenant-Colonel  Hokb,  C.B.,  B.E.    Boyal  8vo., 
104  pp.,  stiff  paper  cover.    Price  U.  6<iL 

Part  II — General  Organisation.     Translated  hy  Xajor 


C.  B.  Brackenburt,  B.A.    Price  2«. 

ABKT,   Be-orffanJsation    of.       Speech 

D'Atjdipprbt-Pasquibr.    Price  It. 


of   the    Bnke 


THB  FBANCO-QEBKAN  WAB,  1870-71.    Authorised  Translation, 

from  the  German  Official  Account  by  Captain  F.  C.  H.  Clarxb,  B.A. 

First  Part  : — Hiaory  of  the  War  to  the  Downfall  of  the  Empire, 

Vol.  I. : — Section  1  to  6.    From  the  Outbreak  of  Hostilities  to  the  Battle  of 

Gravelotte.    With  case  of  Maps  and  Flans.    Price  26«. 
Vol.  II. : — Section  6  to  9.    From  the  Battle  of  Gravelotte  to  the  Downfall 

of  the  Empire.    With  case  of  Maps  and  Plans.    Price  22«. 

AJUo  teparat^ltf^  in  paper  covers: — 
Ist  Section : — Tlie  Events  in  July.    Plan.    Price  8<. 
2ud  Section : — Events  to  tfie  Eve  of  the  Battles  of  W5rth  and  Spichereu. 

2nd  edition,  revised  and  corrected.    1877.    8  Plans.    8s. 
3rd  Section : — The  Battles  of  Wdrth  and  Spicheren.    2nd  edition,  revised 

and  corrected.    1877.    2  Plans  and  8  Sketches.    5s. 
4th  Section: — Advance  of  the  Third  Army  to  the  Moselle,  Ac      With 

1  Plan  and  7  Sketches.    4s, 
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5ih  Section: — Operations  near  Mats  on  15tb,  16th,  and  17th  Angust. 

Battle  of  VionviUe—Mon-lartour.    4  Plans  and  Skietches  in  the  Text. 

6«.  6<L 
6th  Section:— The  Battle  of  GraTelotte— St.  PriTat    With  2  PUns  and 

Sketches  in  Text    5^ 
7th  Section: — Advan^of  Third  Arm^  and  of  the  Army  of  the  Ifense 

against  the  Army  of  Chalons.     With  2  Plans,  a  general  Map,  and 

numerous  Sketches.    St. 
8th   Section:— The  Battle  of   Sedan.     With  2  Plans  and  2  Sketches. 

Price  St. 
9th  Section: — Proceedings  on  the  German  Coast  and  before  the  Fortresses 

in  Alsace  and  Lorraine.    Battle  of  Noisseville.    General  Beriew  of  the 

Franco-German  War  up  to  the  commenoement  of  September.    With 
"      8  Plans  and  2  Sketches.    4f.  6(i. 

Second  T  art  i— History  of  ike  War  againtt  fAa  R^pMie, 
10th  Section:— Investment  of  Paris.     Capture  of  Toul  and  Strasburg. 

Price  6«. 
11th  Section: — Events  before  Paris  and  at  other  Points  of  the  Theatre  of 

War  in  Western  France  until  the  end  of  October.   1878.    Price  5«.  8</. 
12th  Section: — ^Last  Engagements  with  the  French  Army  of  the  Bhine. 

Occurrences  after  the  Fall  of  Btrassbuig  and  If  etc  to  the  middle  of 

November.    1878.    Price  A$,  6d 

OAKPAI0N  07  ISee  UX  OEBMAN7.     Compiled  by  th9  D«i»art- 

ment  of  Military  History  of  the  Prussian  Staff.  Translated  into  English  by 
Colonel  Von  Weioht,  Chief  of  the  Staff  VIII.  Pmssian  Corps,  and  Captain 
Henbt  M.  Hozier,  Assistant  Controller.  Price  XI  It.,  in  one  voL  royal 
8vo.,  cloth  boards,  with  •■  PortffflJ"  ^^^  Phmw-      

ABMBD   BTBBNGKTH 


22  F.    Parti.    lOs.  6<f.  I 

Part  11.    Price  1 

BTBBNOTH 


57th  Begt.,  D.A.Q.M.G. 

ABUBD  BTSENOTH 

22nd  Begt    Price  fit. 

ASMED    BTBEXrCKEH 

Organization  and  Admij 
B.A.,  D.A.Q.M.G.    187| 

▲BKED   STBBNQTH 

by  Lieutenant  W.  A.  H 

STSIBNaTH  • 

C.  11.  Cla&ks,  B  JL.,  D. 


This  book  should  be  returned  to 
the  Idbrary  on  or  before  the  last  date 
stamped  below. 

A  fine  of  five  cents  a  day  is  incurred 
by  retaining  it  beyond  the  specified 
time. 

Please  return  promptly. 
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1878.     Price  7«. 


W.  S.  Cooks,  22nd  Be 

A  PATOIS  OF  KODE 

HOHB,  C.B.,  R.£.    in 
Price  8«.  6dL 

STEPPE  OAXPAiaN 

the  Russian.    Price  2« 

BT7SSIA,  Eeffulationa 

OTPBXTS.     Ck>xiipiled 
Price  2t,  6d. 
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